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RaEnn

This reporc was prepazed by “ne Brmen Di‘weering Branch, Behavicral
Sciences laborstory, 65/Cth derve .¢ Seoical Research liobovaterias, under
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"Design Criteria for Crew Statior 22 Ad.ewved 552%cam,."™

The authore wich to express thair ecpprecistion to Cspe, J. K. Wade,
formerly of 6370Lh Asrospaca Medical Bessearch Leboratories; Cdr, €. Bond and
Dr. K. Scheefer, U. 8. Favy Modlcal Raoceerch Leboratovy; Kr. H. Wileom,
Coavair Astromsutics; end Dr, §. Goratlownil, Rotional feronsutics and Spsce
Adminiesratica, for thely wraoy cryientr sod 8id in wrizing this report,
Special achnowledper at {9 made Lo H/Ugt. Charles W, Sears, 6570th Asroepace
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for publication,
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APSTRACT

Ths effect of surface-free behavior oo work performance in spece has
been iavestigatod to detarmine what tochniques abould be developed to aid
the orbital worksrs. Kiile they performed groes motor sctiv’ies under
wightless conditions, sedjects reported their sensory acd per..ruence
expericnces drriag Keplerian parebolas {a 8 C-1313 alrccaft ia both lighted
snd durk cadin conditions, Their experiences wara categorized into
sensation {ufluences upon orisntatica and body mctica (afluences upon body
attitude and positicm comtrol, Unigue exsmples of short-tasw woightless
behaviors were found and their causes are briefly discussed, ' Poteantial
spplications of thoce weightless rasponses to hardwore devalogermt and to
crev training and seloction are discussed, and sigaificant arces for future

' yesearch sre proposed,

PUBLICATION REVIRS
This tuchmical documentary report has been reviswed ond is approwved.
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WIICHTLESS Mad: A SURVEY OF SEMSATIONS
ARD PERFUGIRNCE WHILE FRER-FLOATING

INTRDBTCTION

The emorjence of 1-3 matured men {nto the weightlese seaviromesat of
space vequires, smwng othar things, an evaluation of hing ability to oTient
himseli and to work within this unigue comdition, :

GCersthowohl (ref. 9) states, “Thore cen be mo doudt that the differenti-
ation betweea pennstion’ oo the one side, and ‘performmnce’ om the other
side, is an artificisl owne becaues doth factors ave so closely linked together
and fnterresisted that any separation can serve &3 & workirg hypotbasis only,
It is mminly for the sake of & scacmmtic classitication of aysptom thai we
confine curgelwes to the treatment of the 'subjective' or peraomal experiences
of waightlessnepa., Thas, paychological azd somtic effects of waightlessness
may stem from the soow source; and they msy affect the wall-being of the
individual as well 2z hils tack perforwuirca,” The presant report explores the
parformence of weishtless man and discuysces scam of tha factors that appear
to Infinance Wis pavformerce snd otisutatinn, Prohlews are discussed (n tores
of simulation, crew salacticn, ard traiaing, eapd {xplizacioms for tha actual
orbital eftuation,

Ths Peswlts scotion lists sessstion and periotmance effucts noted during
an {afiight suevoy and are only driaefly discussed in an attespt to dcqguaint
the reador withk thesze new offects, Soveral of the effacts are currently being
investigated so sapirsta, individeal studies, and tha rather cursory trestment
of the affectn a9 piven by tha authors is meant only to provide fawilinrization
with the offectn tn quaotica, The mejsr intent of this saction fa ro identify
prodlem arcos prrtivent to the wveightless orbital cporator,
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The subjective comuents of free-floating personmel and their perfcrmance
as observed by tho tssk scintists ware rerorded during and after a series of
weightless manewvers ix 8 C-1318 aircrafe (ref, 17). ¥s_ve subjects and
experienced "frea-flcarsrs™ were briafod dDafors each trial and were inter-
vicred during, betweon, &l after sirgls end double parsboles, Volce
recordings of their svbjsctive c/amonts wore mede on ¢ cumpact tape recurder
carried {n a leg pockat of thoic flying sults,

These observaticrs were modo weday waizhtlagsness in & lighted
darkened cabin, or & dark cadinm sugamted with an artificial wooa (f£1f. 1).
Kaightlesentss as sxperienced by & froo-floeting sudjoct was charset ﬁrd by
the following cosditioms: ¢

Low Prictica: The ehsanca of cobisive force Detirn adjzcemt massas
(vhether moving or staticuary zelstive to eme amother).

Bady segpmot myvarsat izteractioms, poesidle emly in a
surface- W,m;.ﬁ}muunmﬂnnmmmm
surfsce,

C-¥ree Stimlatiom: The frecdom frenm the effscts of gravity em the
mechansyecoptors (Uostural, escglle, ledyrizthine sencwzs),

A, Subject in tizhtnd eadia,
B. Bubject in dark cabin, with mcen édisplay,

Fignre 1, Suohject end Moom Displey fn Ligheod end Dachensd Cabin

Y B aens LTEEC ARG RS




I

ARL-TDR-62-114

™ha followieg conditicns ware conaidcred as paculiar to the aircraft
|aDsuver:

pid g Troneiticn: A g transition from 2 1/2 to 0 g, (or vice warsa)
lasting 2-3 secorsie (ref. 17).

Enviresmental Szracs: The influsmee of axtrume alrcraft attitudes,
excessive g sid sugise nolpe werlations during the mmasuver,

Short Tims Puratican: A wveightlsss period of approximately 14 eccoads
PeT WRAIUVIT,

Alrcraft totdon: The effocts of aly turbulence and pllot-initisted
coutrol movesmnty that Lrported spurious accalerstions to the subject and
his esvivommnl,

The participants wers devh-adnpted in the aircraft cebiam for 1S mimazes
by wearing epties gogoles. Am Llluximnted electroluminescent pemel (refevvod
to as the soon) wig avantsd on the rear bulllwaed snd emitted approaimmtely
0.003 »i)ll evbores svanly acroas the fsco of the dlaplay (2ig. 2). Tha low
light level waa wesd to sliminaze roflections and to avoid {llumination of
the darkroom iotesion, Thoa moon seTwved as & sirgle vissal stimslue, and tts
rouwd shepo et ovasn to rofwse tha krowledis of the locatiom of cabin
surfacea for tha o A zippered curisin Lzolated the expoviaental
colrn, The erpeeirsnler, wio wonitoved the expsri-
pemtal sees, wore en intsyphone hosdsat to comsxmicate
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The subjects were imatructad to porfomm the groes motuz sctivities listed
in Appoedin Y, Yoche of gross welsz bohrvior wews ebosoa for tholr adilizy to
free ths swdisct from a sorizce, mova 8 rbject botwson sacleazp, couse
collisicns with suzfncas omd inflvence thy upedowm (gailizg-floor) framas of
refsvencs for the nbjacts, The tasho wara prsosaed ia order of issreasing
complexity; {.e,, raccsaaive tacks seozived wova poepsiccoptive cotivity and
the stizulation of more vusaptuer, $10ple tashs wiTe eslactad go thaz they
could b performsd essily im the durd oad within the Wrisf walzdolecs period.
Instractiong to schjects vrre wizzdseydisnd to eontrel the seguemse of task
preseutrtive and to insure earplstivo of ths eetiviey,

The 11 subjocts in the first grew) woro mowpllets and g larps percentage
of theix ecwnouls dealt with srurowmy ertifnats rather thea sespseses to the
weightlece eondftiom, In an eflzye oo radwero attomtiom to thme esnditisng,
the gothors doow additiczal edlscis frsm the pllota af Vright-Paitoveon A3,

Agyondix II 13 & verhatim tronocrin? of & Momewxy eelvenant’s £145he aa
recordsd in the dordwoom, Tids tyameroing rewesls thay wealh of {sforwntion
that con de obtaimed fxem oivfhjasis evpmiatod with the effests of esll-
initinzed and extarmally lmpoeed forces ea body pazfovmazee, It Fonihew
convinced ths eutfors thof mors prodoative fa2a enuld bs ebgtained from an
afircrew-typs population, As & rasult, 15 pilets (ecrge, donber, esd 247%ter
aircraft) wers selosted as subjests, Later, 12 Wmvy deup sea divore wime
selectod, hoconne of tholr wyperiercs {a thw &l and beoyner wedovender
snvirorest that koa of2om baa erumpored with the welightlees ofato,
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A,  Liritetiums -

A latration of thn obescwational Intdod 4o that the precoss of cbssrviug
ey Atuslf infisence the subject beteg ozudied (raf, ) o theught that the
&t of reconiing into & priwm® elivoeshoms, whsvesved by the eperimsater,
would rofmeo tha possibilicy of subcle fnflusncas balzg eusrind om the ubjtc:'
belavior by the doowledgs txat he wgs boing studiod,

The ohpsrwalional method oftea pialds sseningly wvslifed deta ia vhich
it 1s &1f21emlt Lo £iad aigedfizamt teletiomabize, Ths £:bls of hypotheses
{£1g. 18) 18 a buat a coileztion of bmmches ef ctawal relagiemchipe brsud ca
wmoFutrastisally controlied cbrexvelliens, bmwewer, this ls the fsaient of chis
report cud winy chesrvaticnsl mathods; L.4., to peestate seme possibla frult.
ful hypothesas,

Another disedecnisgn of this tocknigma is that tha iweestigetor may
collect dsta om trralovane oparations, becssze he dovs mof know im sdwiace
what (s isportant, The suthovs, howaver, 24d meg wish ¢o reduce the proba-
Mlity of the epposrsuce of unkoown sessations by styucturing the tests arcund
_previcusly contected motioms of what factors waze Ingortant, In ovder to
reduce this faflucnce the Cizha wers slrustuzed so a8 to minimslly interfere
with the subject’s frendon of ustiem or sotion, As the test progrecsed, the
suthors bacerm mors celoctive wieh chedr solectlon of subjocts (eew METIDEB);
howovor, the fnofruatfisms Co the evbhlscts 2fond wichanged, The only uvee-
less dats "2 moad fa £hin gapoet doslt lsroaly with envivenmantal
descriptionn of Cewparnivza, wilratien, meice, turbulence, stetlc electricity,
and odors frew thw podding vsad f{a the esperizontal arsa,

The lock of garmrality of fimdirgs is one of the wost seriovs limitations
of the cbsecwitional technigua, Ths suthors #rs mot svgsssting that subdjects
confined in the rear of & dark airplase srs emvircemantally equiwelent to
personrol fres-fleating in space, We ars suggsating, bovever, the proda-
bility of high correlations betwies meny of the semaory and physicel relation-
ships in tha two welghiless couditiona,

Criginally, the suthors had intemded to vicord the friquenciss of each
afface within esch trisl in sn sttompl to relsze the effect to thw specific
task bainy accomplished. Unfortunataly, spproximstsly 671 of the data
gatharad wis vmussble because of imndoguate recording equipment (moise
intorference), recording techniques ( mintelligible rewsrka), and inadvevrtent
spollege of the tapes by thw transcribing agemcy, This shortcoming eliminated
the possibility of a siudy of task-nffsct relationahips and any attespt to
qualify either the fregquency or criticality of tho emumrated effects. Tiis
sitmtion forced ths authors to celactively somple tape ewcorpts for intellf-
sibliicy, and arditrarily categoxica them into iike effocts,

1n sddition to the free-floating activities listad in Appandix I, the
next sectico also comtaine selrcted obeervations of wubjocts' behavier
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during othar stwdies. Theto cbssrvatices wore included becsuse of tha cuthors'
foeling that thers wore &ufizite relcoticzships betwoen these sctivities and the
sirpler case listed fa Appendix 1. Such cdscrvaticas sre idsntiflsd by the word

“extre® im psromthoges (Extva),

The wnsatisfactory ssdio recording mentioned abose sugzasts that 8 better
system would be desirable i{n future rvesesrch, Such 8 system wvas developed for
the Air Yorce by the Seismogragh Service Cotporation, Tulsa, Oklahoms and s
described in Appemdix IV.

B. Senscatioms and Bffcc?s - The following reflects the sans.ty experiences
and effacts reportsd by tiic scdjects, 8s foterpreted by the suhors:

1, Exhilsration Durisg Swrisce Freedom - Sublects wvho were not ennoyed
by the acceleratiom history of the szneuver (see B 10, pags23) almost
invariably ssiled and lszghed, spposved to enjoy their g-frae scazing ead
reportod symptoms of eupboria or exhilaraticn, These syrptoms wers more
prosounced in tha lighted thon im tha dsrkaned room,

Examples:*

(Astroocut) "Exhilsration is the proper word.” lord:“ *The evphoria
is similsr to, but not identical with, the euphoria of the free swinemer,
¥ajor factots, 1 beliews, sre (1) ebrupt and complets envircmrental alteration
and (2) ebdrupt modification of all sensory and ‘poatuvrograval’ cluas.
Increased visusl orrey evhonces eushoria, of co.ose. I am reainded, however,
that in poorly eotivsted and neive subjects, panic may result from this
'threatening® tronsposition, Diver: ™This [task mo, 8 - lights on) s
better than the l2et time [task no, 7 - lights off}, T can feal what 1'm doing.
I'm moving around acy, I eajoy it more whan I can see what's happening.”
Diver: "This [task 2o, 8] {e more enjoyable the tength of the run, much more
so than whan ft's dark, Whea you're oriented, a mote enjoysble experience,™

Discussion:

Bond's swyzestion of penic s ir sccord with Cerathevohl's esrlier
prediction (ref, 8) that "Thera is & possidilicy that the man's response to
this eeris sicuatisn might be one of befuddlezmnt and uncasiress, 1f not actwal
terror™; howaver, this response wis noted only with the fow subjects whom, the
authors belleve, were fearful of {nflight weightless-producing mansuvers.

* Quotations listed after the term Exzmolcs ere either excerpts fror. tape
recordings, written statemints on Quast ires pathered during dedriefing
session, or statements made by choervers. Most scurces are {dentified, surh a3
(diver) or (pilot). Tho excwples are included only for the purpose of supgesting
ths scope of the effoct, The suthors 4id not attempt to integrate chese excarpts
becauss they represent highly sublective opinions and any attempt to syslom-
atically explore the effects would .equire indevendent rtudies (several such
studies are currently in progress).

** Ppersonnl Commsnicatien, Communder C, Bond, Officer in Charge, U, §. Naval
Medical Rasearch Laboratory, Mew Loodon, Coun,, 11 Jan 1961,
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Corathewohl docs sty later {raf, 9) that the "mental sensation of
weightleasnnass can buot be doscrided 22 cns of lucredulousness or even slight
smgaognt,” Dider (reof, 13) bes prodicted extrema reactions: "The lack of
gravity in a ejace ship will baighion the sensitivity of the gravity senses,
The gravity scnsze organs will renct webhomimely to the ssallest forces acting
ea the kv, 1f bu merely etratches his body or turms his bheosd, be way ba
everwhalend by the woncation that he is bolng 1iftod snd jerkud back and forth
or that bka 19 suddenly spioniag exownd, A =3o 14bdow 2ol from the shacklas of
gravity would musot prodebly be An @ cosgtant stata of pP.ysislogical and
peycholopgical temaion." Our cbeervaiicas failed to cwafirm such dire
predictions, . .

e suddsm capability for 6 dogrecs of relatively uwnhindorsd body
motion could ba & gemeral stinmlua govecn, The almset effsztless schievermot
(toe vel, 6 for forcs requirammmta) of wris<al body locatienms eund attituden
and the sulfsn enswysnce fato 8 mowval "Iloogless end wpewcrmlers® emviromeent
(refs, 33, 30 axd 34D, Rrewledge of Dady Pesiticn tn Alrczaft) eppavently
plesnsss subjocts vnconcoraed with {=€lighe fosvs,

Applicaticn:

C-free training and design shwuld moot likaly be based upon the ‘
sdvantzgas of plicing wnn im a poteuzially exciting end eajoysbls waviromment,
Workapoce loyeut and oelf-mancuwsring dusisrs will prodadly mo® havy 2o
cemeider thy previeusly postulated ooy ewsiizng aspects of the waightless
savirorames .

2, Comisrt of Tactualess Support - Sublects foumd tactumless “ounmort™
to be confortodle,

Eeomp les ¢

(Divac) ‘Telisf from g,” "It's liko flosting without the water"
(t1g. 3). (Diver) ©~It's iiks dresming,™ “Actuslly thers {s guits a little
bit of differcrce in baing waightloes hore and being vaightless im weeor
bocausa there you can sctually feel yourself, you hooy you cen't foel any-
thizg bere,™

Plecusoion:

This perception was wost fraguumtly reported when subjects parformed
Task Mo, 1, which was & proms static positise without |isd moveswnts (App. I).
The suiion elimination of dody weight and peaitiwve supporting reflexes which
*iscroses extensor tone ia order to maks the hody rigid sgriest gravitational
pulls” (ref, 30) tanded to Lnduce poature charscteristics of withdrmem lizbs,
The force that must be exerted by tha calf wuscles to smintalin the upripght
position ou earth has desnm cilculatad to be esuml to about oma-guarter of the
tody weight and resalte in a mestabolic coet of 14 par cent more calovien per
wioete thaa a lying posturs (ref, 30),

In terms of musculc-sheletal requirsmeats, weightlesencss s a laey-
men’s enviroemont, Craveline (raf, 26) motes that as in the zero-grawiiy




ARRL-TIR.-62-11.,

Mewze 3, Testmaloss Comlart

state, "tlsio {s 8 marhed dacraten in the amven? of msscular effort recmizad™
for most sctivitias (o kypedynomis esvircamsaeta,

This plecears of canfort effsct wny be inflummced by the encessive g
load {xmzdintely procoding the weightlons senta, ¥alkey steeed aftor hia first
X-15 paralmia, 0oy comscliously erpeeciates the eencotion of restinmg aftser tda
greatsr physical etfort wiile powsy 1s ca,™

Application:

(1) Al g toctrsl bod violstes the g-free criterion {Zec", 1Y),

(2) The weightleas slespor mey pesd mothing morve thes a cothey to restrain him
from drifting, (3) Mea's slosping peoture mey be detarmined by Ria own 3-
diserusionnl toreo adjustmnt axd mot forcefully {afluceced by a mattyese
configuration, .

3. Ceosation of Falling - Under weizdtlessurse, ssevatiosn of fsllisg end
the assccisted mnifsotations of apprebensicn, feosr, ewon penic, eight be
expectod (ref, 9), Our oboervaticms, howswer, lesd us &9 beliswe that even the
sinple semsatica of falling is ysvsly expsrionced, ard tint woightlossmuocse
1tsalf does not induce fosr asd panic,

Eeacyles:

(Pilot) *"There ves o falling semsation at all, I expectsd to fall
but I difn’t, BEven when I hit scemathing, I dida’t feal as though T wms ¢allteg,™
(Diver) "Ouo owx first g befovs cowing owt of the sero, I did have the semzatim

* 0fficial Lettor frem J. A, Balber, Sub)p Plight "2-16-28, Mational Avietion
and Space Mrinistraticn, 3 April 19481,
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of f£alling.” (ﬂmyalnlog!.st’) "his sessation ‘s in sy expericoce to a certain
extent relitsd to tha evihorin, Ewm {f ose ¥ .ts an cbject, coe barely fzals
it.” (Psyclologiol) “iiw usoming of balgit sbove the floor im tersm of faar
1s loet,”

Discussions

S$ince the sudject end thn afyerss; voth traverse the seme goneral
paradolic arc, the subdlect $s not falling io respect to bhis {mzadista frawe of
raference - the aivernlt. Vo Sound a fov eubjects experionced & sensatioa of
fallieg only during cha trazsition to or from the welightless portion of the
flight tislectory. oilewing the tromaitiom to 0 g, whitaver sevsstion of
falling thet occurred duzing this tramsition scdeides guickly, If the
transitica to O g is mnde pradwally by flying an aircreft owé from under the
subject (raocher them tramairizg rzplidly from + 2 1/2 ¢o 0 g), twere sppuag to
bes mo senpaticus of £slling - zather a tramsitory sencation of being buoyed-up
or floating, Sudisa disturbance cf the alvcraft ey, bovaver, induce falling
sensations through the resvleing viswsl, toctual, kimsathstie, and prmw-
ceptiva cuss, During Joseph bmllac's ﬂ.nt 150,000 £t., X-13 parabola, he
mentiomed that "I found mycelf weiting for thruat cutoff, Aftsy that thers wes
a mild sonsetica similar to ‘gmllm. Thic was recognised end forgotten in &
very short period of timz,

Applicatiom:

Burims the morcccelevation portions of gpace f14:01, e eaSyonaut
predobly will mot exprriouse samsations of faliing, Thv aralore, his porformurce
will prodably mot be iryaired by any contimuous foar of £alling, and o
syecinl precsuticas meed ba takon in systams dosizn to apsvags ths possible
covsenuerces of fesy of falling, Since thy tra. <1tium to and froo weightless-
pess amd trangitory distuebences of the wehicla may result in flostipg but
potontially disturding semsations, including that of falling, pl&me“
exposurs to such experience {s recommendsd,

&, Oriontacion Effects - The newr four effects are concarned with the
wmib jsct’s awarencos of his ovm body position and motion, CGersthewohl dofineg
this eseromsss in terms of orientatice, ‘.e,, "ths ability of ths fndividual
to localize kis position with refsresce to tho three-disenaicmal space ie
wnderstood in which the sct of localisation io guldsd by a complex of visusl
and gravitatiomal cuze.”

Ths postuloted contributions of visual, vestibwler, end kinesthatic
seng2s to oriamtaticn during weightleseauss ars menifold (rof, 20, 24) am
will require extzusive study, No attempt is mede in this report to fsolate

* Persongl Cremmmaication, Dr, K, Schasfer, Chiel Physiologlst, Pew Londoenm,
Commcticut, 12 Jea §l,

** walver, J, A., op. cit.




theos coatributions, BRather, tha prencmmwlogical approach was used to
detaruing potantial orientatioa difficulitiew,

a, Knowledge of Lir » Fosition: The subjects ko during al] of the
conditicna the static posith a8 of thalr lisle; Vowaver, moving thair lisbs
my hawe resulted {n confusica, initisl ovurzoacliag, and am oecillatin:
center-cl-ansa,

Bwmmples

(rilot) ™I hoow whove ve ATvs end logs ave, I gat confused when
I'a spimming,” (Fiyslolozist™) "IE vas svmprising Co ma thst I almays huew
where my ormw &ad logs wovs, Pa epayimanls iz whish I hed suhieces
subacrged in a teek eomgnining watey (ot dody tovporature) ia & deek, echwless
room, ewrysns kad tha ecnzstisn - 'Y do wat imow wdore Y asmm and legs ars® -
withis e houre, M7t the veprortsd keovwledge end osmirwl of lizb position
is loet if the pericd ef gravity frad ~cule i extondfsd,”

Discuseios;

strughold commants (vel, 33) "If we myve eewr 27n, wo wosld ect fool
1ts veight, [This ls mo¢ prmoicely corzent, as & popid accalorntion ray be
folt as 8 weight serpatica; hxewcvor, slow accslerations wny be belcy the
percopteal thrasiold,] Poustion of the tisews exd mst grovicy roprusents &a
adeguats stivmles for escursls meveuents of tha limde,*

Lizh gorrrol fomrovss with practice, As Garcchewchl (raf, 11) soted
with blindfolded, horemssod eadlosts etubiing at tarpatn with & otylwo,
“subjscts edlectsd to e effvaticn furing the firct pix emposwred o weight-
lesensss,” The Palnvicmal Solmses lofwmotory's tosto {linstrated ehal grose
owrreaching was edeguiialy cxcroated duving tha firse poredola with eyes orem,

Coordinaticon of the wppor eximenities, Mnrya as tha Filrgir-to-Khas
Test (raf, §), vor prviomnd By o oudbiocts during thres wolghtlsos trials
(Extrs), 6 tost wCo mudo wildh Owve blindlsldmi o iscte, highly exseriemcod
in weightlsss flighe, Tost porfornonce wes emvesh end accurns, imdicating et
least & mstchod mescle balanse (L3, 4).

B il bl i il

Pigure &, Pluger-te-Wses Teat

* br. K. Seksafer, IBIB

“conthmhl'c studies imcluded one trisl por eash Koplerisn parsdola,
Brhavicral Sclences Ladoratory’s studles (nciudod several triale por Hepleriam
”flb@uo
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Mary subjects moved their limbe zapidly (Task 7, 8), thersh)
oscillating thair center of wmuss, Confusion regarding body atcitude and
position appareatly incrossed when chzse subjecs~ performed the timbling task
with lights out, becruss thuy mdetsksnly thought thair arm and leg motions .
rezulted in successful body rotaticos,

Application:

(1) The orbital worker will prcbebly dewelop mew froo-body limb
positions (relaxsd posture), &nd g-free controls should require less of an
actuntion force, Iuscls decrermnte showld be established for the opevsator over
long wightless pariods and reentry petiods,

(2) Cvershooting occwrs in dorkmoss, but koowledga of results rapidly
decroases errors (rof. 11),

(3) wnlwersally jointed levers (fig. $) mey B move spproprisze to
ths fres-floetor, Those mey retucs ths requirement for him to alim hieself

to a single-axis actustion syotem but cowld Introduoe control esticn stendardi~
zation prodlems,

8o
l&

Oﬁ

I~g LEVER 0—-g LEVER
(SHISLE  AMID) (CULTIPLE ANES~ 220°)

Figure S, Exsmples of Owe g ead Zaro g Controls

b, Knowledga of Body Position in Afrcraft: FNomrotating subjects usge

thelr body pesture as & focus for oricatsticn rather then an environmente) framo
of vefarence,
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Examplas:

(Astronaut) “The first time I have ever besan so completaly and
quickly disorisnted - with lights om, orlentation {s no prodlem."

(Paysiologist™) ™I sudscribe fully to your prorosal to use the posture
sense orientation as a basic reference plena for the worker cutsi{de the space-
ship for a mumber of ressoms, Visual serse contributes more to {llusions or
to the conflict ampag gravicacional and visual cues, I mentioned to you thet
1 perscaslly bad mo prodlews with disorientation after the first rm and had
‘30 sensations related to air siciness and I comtriduts this to the fact thae X
was the first ssbject, 1 uas not exposed, &s Dr, Aqusdro, to the visual-
sravitatiomal semsory conflicts in looking out of tha wiadew of tha atirplana
and going through the moticns prior to tha actusl tast, I would hazard a guass
that youw would find a lowser percentags of disorieantation snd aizsickezse in
those subjects vho were the first to enter the darkroom, 1f this is ths case,
you could strengthen your argumcnt for the pogture semse a9 & bauic reference
plare.” [Unlortumataly, & record of tio sequence of sudject teating was not
mde for this study, Mormally from two to fous subjects flew per flight,]

(Astxovaut’s Flight Scrgeon) *On one run I was having an erudite
discussion with Joim Glann (astronmaut) and it was sot wntil tha run vas over
and we were in the pullup that I realized that, inm relation to one another, 1
vas upside dowm, The i{mportant thing here to we is that it dida't make any
difference! There was nsver any roalizati.n om my part thst there was any-
thing abuormel with ouvr being fece to frce, yet with ching pointing in the
opposite directiona, Froam this, at leasst, 1 am corvirnced that astronsuts
will soon acclimsto to the agravic stote,”

(Diver) "As soom as my fest were placed on the celling, I regained
oy orientatica with the ceiling as down,” "As long as I can keep my eyss on
that moonglow, 1 can keep my relati-m position y.ite sssily - 1 ~an rell
wvhether 1'n vertically positionsd or whether I'm horirontal and which way I
an going from {t,”

Discusefon:

King notes that "All of ths sansory recsptors of ths body concernad
with muintenence of posture, except for the sy, ars stimulated by mechanical
forces, An {mporiant acpect of visual function in pnstural c~ientation snd
motor performance is its adaptability, Responea modification can be effocted
theough learning and retinforcem:nt, The retative {mportance of visual
informmtion in determining spatinl oricntation will de increazed (n wefightleas-
ness, Jor postural orientation, the majo> determinarts of recponse are
learned expectancirs about the relation batween physfcal envirorment and
sensory fsput, A visual field providing cues which permit the Lindividuzl to
construct & referemce frime should bs provided to aid spatial erientation in
weightlessmess,” Mirsaris (sef, 25) downgrales this requiremsnt for a visual
fleld and indfcates that individuals who suddenly hevs thair Information for
spatisl orvisatation reduced from three sense organs to one, at first losa

'Dl'. K. Bchoefer, op, cit.

12




PRIy

ARL-TI2-62-11%

their sense of oricatstion nt later adapt and regain this orieantszion, King
(ref, 20) Lster proncoes thal “since covrest <ootural \ercenflsn {s mmndatory,
confusinn can basc Ye allsvize iy awpswrennscn of urrellsble inforsaticn in
favor of cuza thne exe mot atifisd by welgikgluscrces.” (T enphagis 18 by
8imons aad Govduss),

strugnld {rof, ) mwoy Lo owrrephesining 20 visual senue and

. dowmphinoizing the tastile serse whom ha propozes that “oriemtatlen for move-
mnt in the epuceship will heve to be accomplished optically, whorass on tha
eaxth {t i3 domn optically, grovivecopiorially, with the vestibuler secaa and
prossure samce of fa. clin™; rod Cavathwwabl (ref, 10) lazer etsted, "It is
the opinton of muuy fzwoptigolors that thn force of graviecy eusrts the mrst
fundmamntal influeace vpon ovr spatisl orlentstica, Fowewar, thera is no
need for the expmmicm fo obzin & consclovs brwyledge of tha directiom and
amovat of gravicy, Tho besle meed fo for & mechonisn that adipts <he body
automticelly fo thair efifects.” This mighr ba doma by meams of tha eo-called
postural reflacus which are thought to servs to maintsin or restors movmal
position and poci.ze of the body,

$imons (rof, 33) des proposed tha josture semsa (foot-down) orientation
as u basic reforvence plins for the worbyre cwrtside his spaceship, Bord® adde a
front-forvred aspoct to this cemcept; 1.8,, "in rolation to dlacked-cut,
weightless, discrientation spims in weler, - with rolarion to up and dowm; dut
in all casss save ome out of about 50 runs, ths plare of refavence wvas to the
frontxl sspect of tha body, mever to the poslexior aspost,”

Bay {raf, 31) suppores the dominnres of postural curs {n the
percaption of ¢tho gravirationsl wwrtical, Esreower, postusnl fnctors ware
fourd to Influsnss the julermnt of the viimal esrsicel, although the comwerss,
the wodificzcion of 22 postural weeticsl by vioual faelors, vag vo
demonstrated, 1lvv3, in awy sitracica fa vhich en fedividunl, suwch as & vilot,
is subjected ta thls type of comflict, relisme. tenda to ko placed o peootural
rather than rismsl cuse and Jdisorisntacion or mlsieterpratatica cf ineSyuvwents
msy resulz, Tho body of evidence strangly ewppores prstural factero e
being the prissry onca forr the perveptica of the pestural v
exarting & very stryng effect [n tha pereuptlen of ths vim

1

Buch bas %n writtsn of stedizs zomcornad with tha difisrencas
titveen finld aud body (postursl) wlauted ewdiscts, Cohen {rof, 3) has
emphapized the behavwioral cowplexitias of extrewa body ond extroue £leld
orientod sublacts end wolwi dlifarercoe in these diversa grovps da cortical
alertsses (LiC), mompecific fluctuations (C7R2), two-poing semsory threatolds,
pain thresholds, diulk:'ﬂlmt, adrenaling lawsls, paulse-rvata waclabilicy,

!
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projections of imternal precopis, renstrual periods, anxiety ratinps, and ewn
psychopathalogical impulass. He suyposts that thase percoptual differences
have sany isportamt gevaerel blopsycholopical thecoretical irplications, as well
as having specific fmplications towsrd responzes to streseful experiromtal
situatiomo of i{xportamce in Alr Feres operations. Although theme Is a lavpe
variance 1o individual difforcnces, his findirgs are comsistemt with Coben's
(ref 3) thet extreme boly or extrosa flald orilsated sudjects cre more likely
to show pstholory or & miestor sucorptidility ia rescting to estressful
situations. This suggests that a "middle™ or nen-field or rea-body growp
woald suffer lesst g ordital workerz &d these perscnmality vorizdles wight
servo as crsv selection critaria., S:Djects with lszs distinet dedy or fieold
perceptual charectaristics moy ohow lers discrpamization (f.e., mcre steble
orientetion) ia a low semscry irput eavirawent,

| .

Dieferdoch’s sumstica (ref $) ppecve reallstic, “Orviemtation te
space, viswal 'aad posturcl, is tho emtoecma of em irtsgratiwe funetice which
iavolves »ot aaly the rocrpter orgmrs but sotor discriminctivwe reepmaos e
well, Comsiderirg the evoiledle crisctoticsal faferrstion, it mey De
presuned thet amy cues will Mo ¢razticslly diffsrant frem mevenl emperieacs,
YVisim of surroamdings sperty from the eachplit will be wique fa ssn's
experience, aad bezr little rel-ticnship to onvy exprcinzailal beskyrowmd.
Propricceprive laZormotica will b Dosprd o0 bofdy ssrhers with mass, dut so
welght, Vestiduler stiomlf of an o2liliedic matess vill Do licitad to those
scaduced by esralrrotion froers g thomo erlaling frod beod movearata. Ia
tetal, the proapoet ef @ persan balng cdle to esfeat to his ewwrromndings
dooe aot dec3 fevoredlis,®

Fwture emparizoats em:)d explore the fntorsction of wizmsl,
proprictaptive, mmd wstidaler eusa ¢ both erivartotion md meter coatrel
wmdor verying g loads, Both this roport exd Shock's reports (ref ) show
thet "dlsoriontstion <¢ue to omrplan scosleretions profuind by the poradela
actione hava to be ecarefully jufzad for ispilcstions with regasd to conditions
of tres weightlecenses,”

Mpoplicstiones

(1) tork stetica loyost eculd be desipnad towerd a posture orlomte-
tiomy l.e., the opercter sd mot the wiicle or ths epocs could be the focal
point of erismtaoticn,

(2) Displays should act raquire sm svbitrsry cperetor-to-display
alignnoat for display interpretaties.

(3 'A vehicle-to-ran freme of reference might De based ca elememts
of a peoture oriewtation,

(8) A crew selection critericm wsy be the eliminetion of these
condidates who ernidit ewirens bovy or fleld rrientation charscteristics fn
acne g nvimm.

|
|
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¢. Kaowledse of Rototiom: Swdiects tenidzd to undezaetimate thelr owm
retes of rotstioa In the durk conditicn. Inadvartemt or purposeful tuxbling
mazeuvezs did not sppesr to induce symptows of diszincess or wertigo although
discrientation wis prevaleat, :

Estanp los

(Astroszat) "1 had s wanpected lock of dizziness, as I am prone
to dizsincos.” "When =m0t tovehing o surfase, I had no fesling of rotstiem.”
"Senze of rotetion {s tist of salf-roctatlicn, rathes then afrcreft rotatien.™
"pisorientétiom without vertigo.” *Disorlenteticn with eshillerotion,™ "Ccould
mzintein oricatstion st slow rpm.® "1 thowght I woe spinaing less that I die."

Placwnsion:

Tha fact that mony swdiccts ware oftsm suzprlsed te find themnalves
in wnonticipatod posfitiens et flowe comtact suop ©oan thev o peteeptual decrumant
Lunderostinoctiom) of keowledgs of rotation roy axist in the wolghtloss state
in darkresa. The morcer in which thls prrozptlien S0 obtelned iz whnowa (ref
%), howavar, &1FF 29 thracholds te emgulrr cocaluratiens wyy be determined
at & latar date for cohiccla eccelsrating In a retating chelr in the alrcrafi,
A leter coxparison Datwown 1 aed 0 g threcholda may eld resesrchers in
dafinizg the eamtribution of the grevirscopters partinent to this perceptien.
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Vertigo (visua!, gravital sensory conflicts) sensations may be more
difficult to induce becsuse of the fewar conflicting inputs from the gravi-
receptors, Faysiologica) tuzbling tolerances may be highar because nf
decressad cardlsc ectivity, Small smoimts of sudject roteticn cen cewse
loss of visual contact with tarpat and result in diserientsgion.

Applicatinues:

(1) 1Indices of plane and direction of spin are prodabla minimun
information requirexmmts for tuuble rscovery and attitude coutroi designs,

(1) %ctacion thrcsholde end tolersnces should be eatablished for
weaightlessacss,

4, Kmowledpe of Surface Location: Knowledsgs of surface locstion was
poor and kmowledgs of body-to-surfoce alipremant wes almost monsuistsat with
surface-fres behsvior under scemidarhk and dark conditioms, Surfece behavior
tended to La inafficient, but increasing body-surface contact sroa halped with
body-to-ssrface aligement tashs,

Bxamples:

"Ouce I hid determingd tha size of my esvizronment with tectusl cuos, 1 boceme

disintereatsd in the sircraft position relative to tha cacth and frcm thers

on I folt completaly secure,” (Divar) "It was lika & bottom ssearch plan

used for recovering objocts im wacar with mo visibility,” (BDiver) *You can
4 foal sncugh to right yoursslf once you pet staried,™

Placusiion;

A single. tactual comtact offared surfacs location information but
poor sttitnds isformaticn, sincc the sudjects bad & number of prtsntial body-
to-surfacs sligmments,

Both sud jects and oburma ware often confused ag U whathar &
given motion was dus to thelr motion or afrcreft surface mutisa, A free-
floating mess (pillows wera uwsad to avotd injury) was {ntroduced for dececting
differencas betwora afrcraft and subject srtica,

Inability to prepsre for surfsce comtect becsuse of lpoor surfaca
. informatioa ytoduced greater appredevsion and accideénts in th;a dark 2nviron-
ment,

ren wml wuatm, D, 8, Cerathowohl, Office of Lifc Sclencas, NASA,
19 apr 61,

Dr. K. Scheafar, op, cit,
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(Phystologist™) 1 meeded only a firgsrtip to ®arp track of things,”
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Applicacions:

(1) Bmgeocy mmnwm for vetugning to & mtm in dark conditions
sheuld be dawelopnd and practiced,

{2) cCrow Stations design might exphisice tolal surface arsa avaji-
abilicy end ésaiphealen & single imafliiclient floor concept (zef., 35, 38)
bacovsn of tho Betweamesuplocs beboviar of the Sive-flostar., The vorker's
reczticnal wotics enuld dovcwide a epbase of sstivity with the workspoce
aves ropeeocuted by an outsr ephara,

S. Concerm ovey Collisice-Pifficuley in &beoching Imeetis - Concerm with
potanzisal body injuzy duving 8 surface collislom wrs & dominant epprobeasion,
Ihe wmewarcocss of sprroaching 8 swrliie {durk comiition) asd tha tnmabflicy to
self-votats and prupave for & lamding (Jderk sod 1ight cosditlon) were reportsd
as mijor feers, i

Exarples:

(Astronent-see App. II) *1 bswe to reiliga that wheravar I am, or
wast position I ses in, {2 is comforiable to me sad mot harmful, evem though
wpoide dowa," “the big factor with om was the fory of Llajury upom compleation
of the mancuwer,” "Your mind is contiounlly toyimg to thinmk, wall, vhich way
o I going and when am I golmy to hit on whug part of oy body.” (Diver) I
fosl better 4£f I Lave both hamds free,” “Actually, your feot snd handt axen't
too much Polp, ©wn you're in the dark, you ean't soe whera to pvt thuwme ™
(lemr) "fivrtad to land when I hed my foot sgainst something mo it meds it
wach azsier,”

Discusoion:

Inoxpericaced soaring sudjects often rotata emcontrollably duriasg
tragalariona, JSudjects wninowingly push off from a given surface with a thrugt
misaligned from thaly center of mess and spir vhile soacing, thareby losing
visusl contact with thair destimation, As & result, they often collide with
surfeces in awlomrd positions and cannot proporly abaord shrcks (sea Pig, 10).
Barly exhilaration appasrs to preacts owrconfidsmce, and sudlects could easily
ke injured weze L2 not for the padding within the ayes,

Dnguccesoful flailing responese are vewmlly soted when the subject
becores sunre that ha Lo repldly closing with a&n Hjact, Ia the derk cabin,
meny subjects continuously protectad thefr fsces with vpbwld arme is efforts o
fend off collisione with unknown objects, (Sterding ia the dark was difficule -
several subjects hsd hard falls during the excessive g pericd, becsuse of thalr
fzability to slign snd hold themselvas perpendicular to the floorw,)

Tochniguea for properly dissipeting mewontum should include the
following considarations: .

(1) Welociey st meownt of f{mpact - salf-propulsion walts should be in
low thrust clacs (ref, J6); long tather lines should mot smap the worksr when

17
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Pigure 6, Inadwarient Scaring Coliision
the line becumms taut (the proper demping characteristics of a tethar are being
deterninel) jfree sosring should be hald to 10 mph or less,
(2) Immact of landina {s directly proportional to tha m1as of the
body - it is best to discard high-wass objacts bafore impact; Lt is extromely
Jangernous to be caught between two colliding masses,

(3) The awount of body surface area through which the frmact is
absorbed - the standsrd brosk-falls of judo represeat eficctiva methods for
spresding the impect over large arm and body arc-e,

(4) The diszance through which deceleration tobes place - ihe arms
and legs should be used as shock absorbers; like the standard stance of the
parachutist, the limbe should be nearly but not quite extended at the moment of
impact, Limbs locked at tha joints may cause high-g lov-time shocks to the
torso, .

(5) The part cf the anstomy subjected to {mpact - dsonge to the bead
and weotical and whip-lash exteasions and compressions on the spinal column
must be avwided by developing proper restraint and tether designs,

(6) Properties of the surface on which the body lande - extensive
padding will be necessery. 7The deformebility and compressibility of the landing
surface will sake an enorwous difference in the seriossness of impacts,

Applications:
{1) Coilision anxisty con be reduced by extensively padding all

surfacas, by providing safety guards cver woving equipment, and by having the
sub jects wear protective gear (helmets, suits),

18
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{2) Overcoatrol, the main cam e of insdvertent collisions, can be
sharply reduced vith sozt trainiag flighes.

(3) . gpuoted self-stadbiifization may be a sdnimum vequirewent for
accomplishing -bital tremgfevs La ordor for tha worker to msintain a proper
visual refagea o end to clsco fes: firse with tha target surface (ref, 36).

6o 1llueions - The complax accelerstion pattara of the aircraft munsuver
sometimes indmed renl and appareat motious of the owon sad rotaticos of the
envirormmnt bu thaso {llusions tamind to dacresse with continued axposure,

Exzeples @

. (Mver) "1'a floazing om the ceilirg, I can ese the wooa, I feel
exactly as f I ung etomding om wy heads,” (Diwew) 1 hsd the sensation of
being ov my bock, going eCraight up, vhem I wos walkiog down the cadin,®
(rilot) "1 sa senndicg axd the smon Lo woving wp.™ (Astremaut) *“he moon
moved in a jerky moiiow, I think becaunza of the turduleace of the aiccrafer.”
(Piver) “The moom mowvas durizmg the 2 1/2 g3,* *I was walking toward the moen
aand hed the foalimg thst I was walking f{a & vertical plama, actually straight

up.”
Ripcussion:

Cross eatien ectivity by the cubdjecta during the weightless interval
in the dack often frcgomrad disoriangatioa and surface~voversals, Oftan these
motions wevs Interjvotaed 2a confusions owvst surfsce locnzion (surfaca-revmrsals),
for exzrpls, "i'n met sure whathor I'm o the £lusr or Che celliirg.” Thase
motion {riaced {1lusions were moted by many eudizcts &aod were fraquently noted
by spinning subjocts whn expericnced & rapidly cwing visual field, Schock
(ref, 34) notas thag, "ttricle stimulaticn duving tha g treesition periods of
the paradols sften finisce illusory wotions of the target, Illusicws imcurred
during asrial flizhl haws been reportad since the bagimains of aviation, In
the davrk, changes of the spparont position of & fixed target result when
sub jects are exposed to linesr and radial acceleratiom wiile flying a ballistic
trajectory,” GCarnthewobl (ref, 7) also found with harmsgsad pubdjects that
duriag the weightless portion of tha trafectory ths target appoared o
stabilize, then o oscillete up end down &3 the sudject (by virtue of aircraft
wotions) muds excursisas into megative g and positive subgrovity steles,

«

- Craybisl (ref, 12) found & direct relationship batwoen the accelevation acting

upoa the mnma body 2od the appsvent displacament of the visual targst,

Frequwont tucbuleant oscillations of the aircraft also caused many real
and apparent wmotions of ths envirocemeat about the sudject,

Applicatione;

(1) C trensition periods and ectivity under welizhtlassnass may tnduce
apparert target soticns: the retes of onzst of these {llvetfons may deteraine
desired rotstion rates.
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(2) Plecoes exposure in sircralt facilitics, which mmy raduce fllusion
propensity, shenld be incluisd im traimirg progrens,

(3) Illusion rosistince =ight sevve 20 a crew sslectice indeox,

(4) Self-moncuwering wmity should kswe low thoust lewols éwe to complex
lins-of-sight and decolernticon prograsuing reguiresmeris coupled with this
potentially hassrdcus effect,

(3) Amcokizasis (cpparess target motics witbout eudisct metises) aicht
be imwestigited with waightlsss sudiects suopended with six ésgroes of fraedom
of motica,

7. Semse of ILaro, Frectional and Ererssiva g's - Bedizets ofiza commsnled
on their kirssthotis asd tzctzal responses ©o chomsing g loeda, 2o freguessy
oenu.mmmﬂn@wmmmmmmwmﬂ
performiag ia the dark (a0 viswal distructions),

Damples:

(lon-pilot schjoct in dark trial) *I'm at .3 g now, f50l a elight
rising of the heed,..tho g's are iacredsing row, 1T stazted en 3710 of a g."
(lon-pilnt sudject in dovhk tzial) "3till fael bodily senceticz in the ecal of
wy penls asd bock,,.beosming ligheer all tha eize,,.wry lighe, f3els 1iho 1'a
on 0 g." (Mecroment) “Foaling of waishtlsconess epgrosching ts move appagest
when seated thon whan etzrdiog, et .1 g, this 15 811 yvw moad for lesomotisn,”
(Chief, WATIY) "I bed the foeling tixre wis & uprard force oo £ &zms,"™

Pliscuzsica:

The scnestion of tectxal relcaoce follewing a rorisce centact was
constantly reporead, King (ref, 20) postulatse tha: *"Man's fotal scnos of
touch {apwt is detevwimed by tho mcder of stimuli wvceived and ths adsptation
characteristic of the stismlatsd racepior., It mey be smiicipated thae thers
will be a roduection {a ths totsl semsory fopulees frem thece ruconfars,™ Tha
total impot and rats of tuctual decay mizght be mwasvred in & future study by
comparing two-point throsdulds vedor O end 1 g comditions, THha himentdatic
responne to fractiomal g lecds (butresa o1 end 0 g) s cerreatly Bairs explered
in the airceraft with the vse of a dacay moouvar, 00 g levsl can ba graduslly
diminishod froa ,3 to 0 g over & 30-cecond tiom perfed at tha rate of -,017g/zec,
This capebility olfers iha a7 ~ivsntar the potential > fdeatifying the
particular g level sssociazod vith & budavioral respomss,

Bior (ref, 16) points ouvt, “The fuaction of the gravity secss bscoms
particuls 'y eritical in the proxicity of g @ O, As can be re2d frea the
curva (Seber-Fachuer Law, whizh sminraiss that the iatensity of tha sensation
is proportioaal to the logrrithm ol the corvusponding stimmles) stsong
sensations are camord ey misats chempes of accoleraties, 42 man (s subjected
to statas of grevity closs to sern, Yet eccalerstions of eritical emounts
ars alroady produced by wolvemtary amd momvoluntary sovemsnis sccompanied by
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correspondingly strong semsatfions of acceleration at g w 0, At g = {, such
small additional accolerations are below the threshold according to the Weber-
Yechmar Low,” loftus (ref, 24) discussea the unique cppurtunity that a reduced
gravity eavirommsnz will offer to study thesa lowar renges of sancory

Babor (rof. 13) correccly aserums that “during body movements the forces
of inartia will lemd weight to tha body in proportion to the accelaration
applisd.,” 1In othar words, weightlass subjects may parceiva lish accelerations
as iscressed wolight sensations,

Applicacions:

(1) Bafinition end dewrlepamt of g cues may aid workars in aligning
materialy whare pmnll accalerations of mass and min may be isgportant factors,

(2) Goow selection gad warisus induced 3 criteria may be devaloped
fot orbital worksrs sad rotating crew stations dosign Dy eetrblishing ths exace
g8 load that caused ecme of tho effocts disc-ssed in tha report, Por exsmple,
the start of reentry of tiw first Marcury £light was the transition from 0 ¢o
05 g (xaf, 4). In emergency coaditicns, mmn amy be called upon to sense tkis
resatry mods,

8, Scanse of Mraviness after Yhunouver - The senantlon of having wore than
1-g body wolight sppears to ba most pronounced when subjecgs welk lmmsdiataly
afrer che excescive g porticon of tha parabola, This romsation was reported to
exist tor hours after & Ilipht of 20-30 successive minauvurs,

Exesples:

(Mathor) “I perceived mysalf as being seavicr than acrmal in the 1 g
condition sfter the run, howavar, tha 2 1/2 g recovery undoubtedly influenced
this percoption,” (diwer) "“Cowpareble to heary sensation alter comiag out of
uatar aftar several hours of lemmrsion,” (Diver) ‘“Heavincss seemad to be
mach greater, two timms as swch, after welghtlessness than before 1t,” (Pilot)
"han X drove wy car home after the flight, I felt different and the steering
whoal felt lighter,”

Discussion:

The giddy feoeling of free-soaring §s suidenly replaced with a
captive semsation of iecreased heaviness, Any psychophysiologicsl measure of
this effact, howvever, would bave to carefully coraider the etubject sample;
f.0., (Mvy psychologist subject) “Amy significant short tetn effects,
experiwmntally, cen be found only in perions who are kighly tolavant of g
stress, Without such tolerznce, the g effects prodably persist throughout the
shott welightlesc pexiod end mask the effects of weightlessnuse, L( there ure

any,”
Applications;

(1) Crswslina's (ref, 13) concern with ths reentry phase, “Operitor
perforeance and human tolerances will prousbly vary during reentry into g

21
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fislda, The foscer the reemiry rite, the mevs proncuncad will ba ths
bebavioral chezzns® guggsets epncisl rosulransmes for the epugzalor., Pov
exarple, & benic paopchoznise tisk ececarning wihilole contiol may {mvolva the
operator’s smesant of 8 comtrol, wkils refsyring te 4 mowing display elensme,
The ratio of thane tvo Erwmunts Ls called ¢tha comtrol Mdicplay ragio, Bocouse
of the previowely mexticaxd behavioral ekevgna clfscting comcrol untions, a
variabls, g scuezd controlfdispley vasils eystam might compenosie for psycho-
motor edjuctmunt during the resatry period, .

(2) Periodic activs werdh ochaiules lmvolving gross metor activigy
may halp to allevizte the post-f15ght edlustmrat problen,

€3) A poesidlo crow psloctism crizzeica way bo the sbility to
tolerats encessive g leods follewirg weishilace poariods. As MrZeraie {ref., 23)
poted, purposefxl sctivity vhich elso izncludes coumtomection gmavily adds to
the neuvrcomeczior Yéoli ™ and fedividsel rocposee Co this "ude" eftor vewmivy
my diffsz betwern indiviinals tRzough wids rexgoe,

9, Becratas of Clothing Prezsures - The first sohisative fndiccsione of
fractioml g for mmmy sudjiects wan tialr tectusl responoo to 8 dazrecss of

clothing precocres. Loacoo elothing lost its “down hang™ ond tezdcd te comliguve
itself as diccated dy tho last lizd motiom,

Buaples

Con-pilag sxdjozet) "1 fosl my cluthisg proscurs decrosalsg.™ (Hra-
pilot sudject) *"¥y leg bailys waTe tickled by ny poxts,™

Disczonticn:

Wvise of svdizcis wanring looce clezhim, (M:zra) rewvsal that spmmal
tonds 2o cecillate sat of phnss, or lea bobind 11D menipulaticss (eca €13, 11).

Figure 7, Ont-of-Fhane Clothizg IMeiom
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Applicaticus:

(1) Crows not reguiring pressurizmea apparel should prodably wear
form fitting, esslly flemcd clothing with elastic cuffs on liad extramivies.
Clothing dasigms should allow g-free lizd activity awd rot be based on s
earth bound *heng® motif,

(2) The rusponse to decrease im clothing pressure might serve as a
tactile musgure for g pevception, espicially during thes 4.1 to 0 g transition
periced,

(3) Pockets should fasten sccurely so that thofr contents will not
inedwvartantly be relsased,

10, Wausoa and Motion Siclkoess - The msjorily of reive subjects showed
varicus symptoms of motion sichnesse, This effcct mey have becn stimulated by
physfological responsens te excessive g and tho rapid g transition paricds,
apprebension over inflight hazavds, conflicts betwsen visual end gravital
inputs, and rspid introduction €o aa umnual eavircsmsnt im which the subjects
"have bad no experisace.,

Exxnples:

(Excerpts from non-pilets’ teamgcription, Plight was ahorted due to
subjoct’s intemna mslaiee) "Hore wo go... clay, I'm tipghtoning up ... feel
wy hesd, my stomech, wy bands ave al) olsy 1{t's kind of an woovalasy hut I'nm
tightening wp chay ... £ot & lictrle bic of a hesdache ,,, starting to got
YRR L., Stagting Lo pot wairw ... I felt lthka I thoughs evoryihing was golng
to come out wy back because I'w leying on my stomsch ,,, I'm @ lactle bit
dizgzy right now a little bit dizsy I feel wysalf otszting to pull sy from
- the floor ... och, I fosl my throat oh, ¢t Jeols light ... juet ewsr so light ...
still feal tight aroumd ths throst ... just locesn my collar a little bit ...
pratty wam ,,, I fes! prickly .., oh, felt a little Dit gassy in my stomach
that tims .., sterting to sweat ..., feel lika coughing quite & bit ... wy arms
are, my honds rathsy, tingle like I guses soms poor circulation ,.. ¥ €aal a
terrific preossure in wy feet acw in my bipe and my stomach - vight in the ptt
of my stomech .., it peems to bo laying vighe thave asd my calwag falt a
littie bit tight thers ,,, Ey c2lves feel like thay ere real thick ,.. mow )
feel recl loose ,,. f{cough, cough) and digsy ... feals 1ida I bawe & rock ia
ths pit of ey stomnch ,,, I don't feel like swovieg my daod for vhen 1 do 1
rat dizsy - ey back feele cold 1ihe warer and woisture ie drying ... oh, that
rock in wy stomach just lifted & littla bit .., cops, ouw it startsd boumcing
around .., mow I'm saayi=g il SVt ... foel rosl heavwy ,,, foel real busvy ...
oh my, the mscles tighten op so on thae ,,.* (Dr, Clemmn, Chief, UBAPLAN)
"Viscoral sencations disappeas during welightleagress, hut are encessive during
ths trassitioe periocd,”

- .
WASWUS S bares o

Dr. M. wa Beckh thought that he becama elck as a C-131 sudject:
“lacgely bacause of the extreramly short rocovery (physiologlc adjustwment:)

23
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period at ths end of the wsnouver, I have flmm parabolas In fighesr afrcraft
for m2ny years aad had maver boen 111, Tho fighzar aircrolt porabola involves

. more g's (44 1/2 g); bowuver, the tremsition periods are sech longer.™

You Backh (rof, 29) reports an incidonco of motion sickanss of one-
third of his subjects uwscd for experimacts in fighter aircrafi, Er notes that
(a) "the subject im tha fightar aircraft i{s hizhly restrzissd within the emsll
cockpit, vhich {s further reduced in sise by mmieroue recordicy devices, In
the C-131, howewver, tha s=bjiaect $o aliowed to flost freely and is even able to
parform some scro¥atico like forwezd and bazluaed someressults, Additional
labyrinthine stimulation is thuvcfors probably present, In additicn, f{a the
fighter aircraft the sudiost is mestrained in tho harness of the parschute anmd
tied down by shovldar sxud lap belts, 1t is obvions that this restraint would
diminish the ‘Pellotteonnt’ of ths viscers, especially of the abdominal orgams
of greater weight; e.85., ths livor, (») 1In ths fighter aircraft experiments,
the subject is bugy from taksoff to the lowndiag atteading the often rather
complax recovrding devices swch as tha motiea picture cemera, -- atc, In
addition ho rataine visibility out of ths cockpit, cem follow tho flight
mureuvers and fsgls, tharstore, sore & part of the airecraft than tha froee-
floating subject in tha C-131, (z) 1Ia the fightar aircraft the sudject hears
the voice of the pilot, who gives him Instructions, but be does not feal
observed by crew mexbers and other subjocts as ia the C-131, The faar of
becoming motion sick in the presencs of others may in itself precipilate wvagal
symptons,” Ia additicn, motion sicimass can be induced dy Che exaoples of
others through vigunl, suoditrey and clfactory pattnmys, Ceorathowokl (ref, 9)
points cut that durimg tiw pashover there was less sensation of viscera dis-
placement with unharrnessed saated sudjects then with Barnscsed sublects (In
fighter-type afrcraft), Ezrly in 1952, Michervitzows (ref, 27) flew with thres
doctors in sevarsl consecutive S-gacond long parsdrlas ovar Austria aed reported
that "all of the tiet crew becoms {11 and miupsated, including reportex.”

Maber reported that diessssociatiocn betwesa werious gealities of
petception and senastion may mell prodivca a spatial ccuntsrparxt of airsicknasse
(ref, 15), BRacent fowestigatices (ref, 39) hdve revraled that a diabarmoey of
the perception gnd rensation complex (im & morme] l-g eavirorment 1t weuld be
a8 conflict among gravital snd visuil cues) cen indoce certsin formw of ses-
sickness, Crossfield (reaf. 8) reprread Pefuddlemsut durins the g transition,
but this feeling disappesced aftar the £1£th flight, Ne scated that he
experienced vertigo occasicnolly on the pullovt,

Pr. Clasamn™® suggssted thet the resson hie twelve f1light surgeons did
not becoms 111 on successive weightlsso indoctrinsttion flights {n tha C-131B
was becsuos of their intensive training in positive g, e proposed that

* or. K. von Backk, Personal Communication, Aerospece Medical Pield Laboratery,
Bolloman AF3, Wsw Maxico, § Awgust 1930,

- bazecesl Commmmicetion frea Dr, Clamine, Chiaf of Space Medicine, USAFSAM,
san Antozio, Texss, 2% Jume 1361,
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centrifuge activity, including rapid g transitica pcriola and extensive
Coriolis effects following haad moticns, werld be an {daal mathod for selecting
acd training spoce candidaces, | .

!
Alrsickeses appesrod to decrecase emcng (a') pilots (when flying the

aircrafe), (b') subjects who euntersd the msasuver frcm & supine position,
(c') subjects in flighte that used lago than a 2 1/2 g purabola entry, and (d')
axperionced subjocts, Alrsicknass tendad to increcse (3) eusmng idle sub jects,

wheaaver the cabin bocome uncomfortably werm, or () vien saneuvers were
flown in consecutive pairs, |

' I

In genorml, those sufforingy Irom meusta, wmiting, and vertigo
complained thar the incressed sccaleration amd the chapging gravity encountsred
during the t:raJac-Foixy ware probably responsible for thoso disturbancas,

Applicaciona: {

|

(1) The lack of this sysptom may bs a useful crov selection criterion,
This effect mey not be &n important weightless prodlem aftar crow selection,
since exposura time and practice apgear to be physiologicaily beneficial for
adaptation to the weizhtless state, Thiso agrees with Cerathewohl's findings in
earlisr work on the soms topic (ref, 9)., Lswrence (ref, 23) agress that "95%
of individuals studied can dswelop 2 Colerance to unususl motion, Suppression
of sensdlivus and respoascs mny Jevelop in non-prnfessionmal skatars in 6-7 veeks,”

(2) Motion sickeass might be anticipased in space when workees under-
gc rapid g chenges,

(3) Supime or prova positions sheuld be vred during transverse
accelerations,

[

(&) The rate of g tracaic can ba lengthened {a thy maneuver by
sacrificing weightless tire for entry and exit time, In additirn, & 1-g entry
(rather than 2 1/2 g) by the C-1313 will yield 6-83 seconds of waightlensness
and thus & norem] entry cen be used as a control condition,

1l. Task Incoipletion - Decrease In Span of Attention - Many aubdjacts
tailed to accowplish simple tasks during the short welghtlens period, This
effoct was considesed as & typical stress response and not specific only to the
weightless condigion, : .

Exsmplas:

Seversl sudjects anccesafully performing grosa paychomotor motions
became confuced when thelr sest balts wers loowened (Sttrz), Monltcors who had
axtensive . raining o) who were indoctrimating the Astronzuts {n methods of self-
locomotion dccasionally forgot specific tasks to be performrd .mmediately aftor
{nstructing thalr svbjecta, (Diver) "7 S::iil comypietory diseriantad when
wntaugling aysalf from a rops.” (rhotographsr) "Requires sore concentration
to do evon sinple tashs.” A free-flosting photographsr forgst to oparats the
cammrs shuttar on four succaasive parelwlas, Plgson Mmﬂm\'a nosded an

|
1
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Zndependent monitor to call ocut simple tasks to them £~ iasure progranm
cuxpletion (Extra),

Discussion:

This bshavicr acy b= = stress responsa by naive subjects performing
in mfexilise envirc=r:—iy during short periods of tima, During the exhilsration
and excitement - tae meazat, sudjects frequently, and monitors occasionally,
do not perZurm sieple duties, suspocts that "sluce the physical phencamna
are zs;val, one ceutzrs om ots itcem At A tims; however, incrcasing experisnce .
siwould eliminate this,”

Onder actwal losg term welightlecsmess, Kixg (ref, 20) supposss that
"3 decresss ia tha stats of aloztruess and & perfsruonce deccamemt con be
anticipated éve to tha lowar tofal semsory foput” vhorsas ths subjects ia
flight are rcazting to Ripgher thon mormal accelovatinma ioputs over extramely
short timn periods (trsmcitica pericds).

Apylications:

{31) A criterica for cpace crew selection wight be the adaptation race
of subjects to ummicunl emvirvesments over short time periods, :

(2) Bmsrpency tscks shosld be assigned to tetborod cperators rather
then frze-floatars.

(3) Took emalwses of cperator duties in spaco wehicles should includs
& tire corntant to allow free-flosting workers te reoriomtass to a work
position,

(4) Tralning peviods tend to rapidly incresse self-csnfidenca as
. shotwm by the subjects’ abiliry to shifz their a1 tention from comcern over body
position to tazk completion,

12, MNerness Irritatione - Whanm parachute hermesses were securely snubbed,
thay terded to limit g-fres sctivity,

Rossgple

"4y harnese teeand tightur under zmo g."

piscussion:

Subd jects hawe complainrsd of Marnescss that gougs thom and have
read jusced >ixcklos aftor froa-floating, A basic kinematl: description of the
dynemic intarections of body serments in & surfsce-frze esvircomsnt may ba
noeded to indicate optirum restraint points,

Apvlicatione:

(1) Marmessos and vearing agpevel should be dosigned for g-frec iimd

sctivity, hey should allew for vmmeual lisd positions and suddon lisd accelera-
tions, .

* pervomal Commmicaticn, Commndsy Sond, Ibid,
28
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(2) HKerwscees chould protect sgalnst accelereticns end
decelorutions. -

13, Helplessnesn betusea Surfuces - Sudjects who have dissipated thelr
lis. & wotion by colliding vith othez sudjects or who had tha floor “fl.wm out
from undar them * hsve found themselwes untble to reach 8 surface,

Dxanples:

(Divar) "1'wm coming ~ff the floor, ain't doing nothing, floating
up, I'n in the air now, buwped something, I L&t the top, I think I don't know
vhere 1 an, 1I'm just haeging here aoticnless,’ (Divar) "Ihe feeling of
helplessness comes from tha fact that I don't know which way I'm going to end
up or how hard ¥ will end vp.” (Dilver) "Hslplessrass feceling is diminiahed
after succaessive runs,” (Divar) *7 was never dizzy, but wery helpless.”
"I'm in a hell but I can't xohe myself tumble,”

Discussion:

Once froe of a surface, the subjects could only oscillate (by use of
linmb movewents) Ln one place or raturn to tho surface by throwing an object

(expending ans) in a direction opposite to the rurfaca,
* ileations:

(1) Life lines will probably be requitnd for all workers outaida
the vehicle, .

(2) EPwergency techniques (exponding mess) for returning to & surfice’
should be developed and included in Lzaining programs,

C. Motion Effocts - The short term effscta of weightleasness on the hernesscd,

surface-attachad operstor sve aptly summazized
After an extensive dlicussion of the panoramic
weightlass paradola in the X-15, he coacluueg,
accomolished at zevo-g and serves, I thirk, as
the human can function imdeyr thase conditions,

by %ASA pilot Joseph Walker,¥
drtalis of Wia first 7-winute

“All the foregoing was

a2 £it commenliiry As to whather

In fact, X was wildly diseppointed

that my stsy w2sn't longer,

Tvo =i{nutes of weightleganess sre no more of &

problem than iezser perivds,”

Tha Bussian cosmenasut sels. tion program included

training flighte with perinds of welightlesenress lanting 40 soconda, I wae
found that all trainees stood up well to weightlessnees, *In addition, they
could take fn iiquid, sewil{juld, and reild food, perform subtle coordinated
movenants (writing, purpoveful movesmnats of the hand), msintain rsdlo contuct,
vesd, and orfent themsalves in space vir-ally* (cef, 37). 1In his fiight,

*waiker, J. A., op. cit,
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Coomoneut Sagarin reported that he flalt vell throvghout the pesicd of waight-
lessuass snd his workisg ebilicty was coxplately waimpolred (raf, 19),

The wnharmesued oparatar, hownver, focss merr problems of body control and
this section discusses scexs of tha veigua probloma bo will have in msinczining
om and off-surface dody positions,

1. Body Rasilien .3 Moticns - Pusoive sudjects showod & tendsocy to leave
surfaces following surface-to-body divected accelerztions of the vshicle, The
sudden rolaxstion of g-comgressad tissuss and peddieg may cosposa emough force
to launch passivzs subjlects,

Emumples .
(Astronant) “Body vesilicecs will force
Plecussion:

Passiva ovdjscts lmem!betmumarmfrmm
surface after aztaininy weightlescnsss whils kacd (noeresiliest) objocts of
the sace apyroximats wass rezaised om the surface, (owpzesaible itoms with
groatsy xass than man (such as mattraascs) say have bsen ascceloratsd at a
slower rate and pever wsTa sesn to loavs the flocr, ¥Yais spring- tm Teaction
ay follow frcm body or wehicls eoticns,

A plot of body and dody on cushion deflection might apzesr as showm on
figurs 12, A vesy low ozder noalinasr body meotion responss aay follow either
a rapid excegaive g posk and relssas condition, or a simple push of tha
subject into tha seat uhile waightless,

FRTRYEIE

FETE SRTTN
TSEANER

Pigurs 8, Plot of Probabls Sody Resilismca Dufloctiome
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Applications:

(1) Sleeping crow mesbers cust de restrained against Lheir surface
directed motions,

(2) Crerrcssible masses containing spongy meterials should be
restrained during wvarying vehicle accelerations, The increased spring
constancy of a cushion would probably increase the subject's launch velccity
after a surface-tn-" »dy directed motion of the vehicle or body-to-surface
divected motlion of the subject,

2e Self-Induced Motions - The next five effects deal with aelf-induced
lind motions 2nd thelir effects on body potion, Motion performance can be
characterized {n torma of spsed and accuracy of the movermnt, and of the
strength that Lo required or that can be applied fn exzcuting the ssnsuver
{ref, 2); howevar, for the purpose of this report, only observed gross body
motions ware . jted and standards or scales of specd and accuracy and foree
application were not recorded, (mly the resultsat motion behavior of the free-
L1azter after perfomming Che eight gross motor activities used in this report
(App. 1) vere obaerved, The activities were chosen for their adtlity to
suspend the uan betwesn surfaces, cause translations and rotations, and
increasingly proewtes proprioceptive feedhack,

These action-reaction motions of suriace-tree sublects fndicatad
raw probless of overcontrol, stabilivation, self-rotation, and orlentation
that do mot concern the haruzised operntor,

2, Swimaing Motions: 1In the lighted cabin raive subjects showad an
initinl preference for swimaing or flatling lish motlons (fig, 13), These
mot fons appeared to be atteopts (unsuccessful) to self-rotate or rezain
surfsce contact, .

Ixomples :

(PLliot) ™1 am confident of control becaues ther: s ailr to swim in,"
(Diver) “fwizmming motlions effectiwe fn altering position,”

Discussion:

subjects reported thase motions 2s atterpta to (1) move forward,
(2) stadilize theuselvos and (J) turn arond, The eotions rarely accomplished
factors (2) or (3) and tanded to aggravata eotion inscead of allowing the
subjects to stadllire, 4 fov 321f rotationa wers awiuardly accoeplished, but
prociss control was absent, One cammot tramslate >r wmove the center of yravity
(attewpt (1) without expending mass from the systen or applying an exterral

.
Applicatiors:

Teckniquas for self-rotation are being daveloped, and trafning in these
mathods are being accomplished in short-term woightioas facilities, The
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technigques sre basod om biomechanical amelyses of matheds for transfer ing
angular mowsntun by lind manipolazica (vef, 22),

2

Typical Unsuccessful Swirming AStempt at Zoro "g"

Pigure 9. Swimeing Moticn

b, Cross-(owvpled Ioticas: Suhjiocts absorbing forefss (aireraft
wticns, etc,) or velf-irposed fmertial forces found themcelves initially
rotacing about a singls &sxis, § ive mov ts oftxn infused coupled orx
mitiaxis rotziionse,

Piscussion:

Throe-axis freolom complicates the control problsm for am unstable
g-free, flexible subjoct who hus an cecillatimg center of s2ss amd intevracting
Single-axis rotations may
tmardiztaly covple fnto multlsxis rocations, Almuel any motion by the swbjsct
te alleviate & spin emly imcresses his opin complexity,

Sshjects axpending measy by throwing articles or utilizing air-rveactionm
devices were spwa into tiwee-diiwasional spins (Extra), Two subjacts attempting
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to herdle a meturial botwosn them by cooperating with simple torque tasks on a
commoa board (£ig. 1IA) movsnlly emded their trisls in & tangle of arms, legs,
and matarial (E:tza).

TR Y gD e

o

]

Figmn '0, Torgwe Tasks on 3 Cowvwon Board ,

Agplications

(1) Tethaigues for shifting a sultiple-axis roiation to 8 singln.
axis spio of *ha boiy could be computed with dyesmic enalyess of 4 flexidle
form eod wards o 1:814gkt in order to predict orbilal turbla SeMavior,

€2) T estenaion of linbs will reduca the rots of spin and this rpa

decrement coald b ez2ebliabed for the flexible wockar for wvarious postwren and
additions of eqas,

n

e et T 2



ARL-TIR-62-114

c. Uncontrolled, Pendulous Motions: Subjects tended to wobble about
their point of anchorage. 8elf movements of the liwbe produced residual
oscillations throughout the body causing unstable work parformance, poor
translation, and poor attitmis acd position control, Limb motious toward the
surface often suspendad the subjects adjacent to the surface,

Exruples:

(Diver) "My legs seemec awivard.” (Diver) "I was ungainly sus-
pended, didn't have the control I have in the water, ewvan with a handhold,”
(Diver) *MWo problem of fins tasks reguiring finger dexterity, bovever, wove-
ments iowolving elbows and shouldars wore diffficult.” (Diver) "ae scom as I
dxopped my arm down my feet came off the floor and I started floating around,.”

Discussion:

A point of surface contact helps the pubject remain at a surface; bow-
ever, surface-free interscting moepnts of ivertia of the linbs may induce
sloppy performance, Surfscs-attachsd subjects tend to oscillate absut their
ankles and look as though tners werc water curreats disturbing thea as they
expend much energy trying to stabilire themselves against thair owa solf-

" induced motions (ref, 35).

Sub jects moving wmzses toward the surface, move their center of mess
sway frow the surface, and lesve the surface,

Applications:

(1) Uubarmrased subjects should not be Tequired to perform motiowms
requiring sccrrata wmovesunts without training,

(2) Open mmacle systeze muot be awoidad and men should exmrt a force
against hisnolf (ref, 18); e.§., & window wacher, using his safaty belt attachsd
to a deildirg, is esploying a closed muscle system when he pushes gstinat the
belt with his back and the building with his foat,

¢3) Mesardous machimry should be guarded against uncomtrolled
operator motions,

(&) Tether designa may be beced om the minimm dagrees of fisodom of
motion required for completion of a job,

4, Scaring: Subjects cra able to scar throvgh space with comparative
esse, but vithout extensive training they will usuvally suffcr uwndamped slow
rotaticas (insdvertent tucbling), because of poor laumch tecihmiques (fig. 13).

Examples :

(Diver) ‘"Svarimg Ls wery similar to training tank at noutral
Suoysacy,” (Pllot) "The biggast enjoyment (n fras-fledzing is the sailing,”
(Diver) “The trip to the moon (task 3) prst:6y much corracponds with & dive
starting from neutral buoyancy -ad perhaps pascing through neutral to negative

n
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buoysacy, Of couxso you wave & relative wetor (sic) around you and Lt fsn't
exactly ths semn, but the fsclisg, I beliove there {s some covrelation,™

i
i

B

O T O U PR SRR

4 s ’ ¢

Pigers 11, Proe-goaring Patlure

Discussion:

Babor (ref, 13) etetes, “In a state of wa.ghillenorsss, the mmsclrs
would pesd tn owrrcome only the body's lueatisa, dut they would bahave as 1f
they sleo bad to reckon with {ts weight, Honce the slightest elfort by che
spaca trawolar Lo meve his body would jerk Rim scroce ths room,” Actually,
the slightant Lorce will med jrrk a sudjoct, but will gantly volesse him from
& swrlnce (poe raf, 35 for propulsion forcw requirsmsnta), The meximm »spoed
attained wicth f211 leg pechofis {s only 10 sph (rof, 28),
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Soaring subjects often propel otmer subjects or materials on contact
and transfer soxe of thelir ensrZy to 2 rotatiocn of the second party., This is
similar to the way a killiard ball can progel another ball, with the angle of
divergence depandent upon the closeness of the points of contact to the balls'
respective centsrs of mass,

Applications:

(1) Subjects vill require training for accomplishing short, straight,
and stable fligat paths,

(2) Attituds control will be & requlrmnc for flight paths requiring
more then one thrust ixpulse,

(3) Orbital trajectories for zingle-impulse wotinn performance
(soaring) indicats a need for aafety linos for ell persomml outside a wehicle
and their knuwledge of and training in orbiizl motions,

(4) Minimm soaring volimss should be estadlished and configuration
and arrangesent of handholds determined for locrawtion within spece wehicles,

e, Difficulty in Walking (Task 4, scc App. 1): Without handholde or
attachment devices, norml wa'king s {~practicsl during weightlossness and
propels the walking subject from the surfaca,

Ixamples:

(Diver) ™alkiog seems sviosard,” (Motographer) "1'an continually
Looking for somasthing fixed to the sircraft to hold onto,” (Diver) "It
appears to be slippery.”

Discussion:

The 1-g welking gait is & pusk-pull operaticn, The pucrh is upward
and forward through the loegitudinal a2xis of the body, The ewinging leg moves
forward and decelerstes, Thare is a transfer of enmsrgy (puil) from the
ducelerating (swinging) leg to the remainder of thae body, thus promoting a
smoother forward moiion of tha centar of wess, The heel of the swinging leg
then strides, following which, the toe {s essad dowmn placing the toot flat on
the ground, The next cycle begins with a puahoff by the other leg.*

The initial push propcls tiw subjfect fro= the surface under weightless-
ness, Subjects ususlly cxpend mors energy keeping thomselves {n contact with
a surface thaa they would tequire to soar above (t, 3Jubjects are abdble to walk
spider fashion, {.e,, Mnds va one gurface and feet on opposing one, detwwen
cloce parsllal surfaces,

* Perscnal Communication, ¢, N, J, Ralston, Blomschanics laboratory, University
of Californis, Sai Prancisco, California, 3 June 1961,
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Divers report thet, in water, a gliding, scquisitive mntion of the
fest (pussy-catting), with all of ths body wass accalerated in tha horiczoncal
(parallsl to surface) direction, nofmcm a succossul wvalk as long as there
1s oo vertical sstion or bountu,” %his tockni¢ue may be sdogquats for low,
positive gxavity fislda, -

Applicaticonss
Q) Tersfbolds ta loxye webicles, alieaive footgear, asd/or tethering

hardwsre will bo roguired for walkicg, m of tIwos ers being of have been
testad at tha 6502k Avrsorene al [ J \,_,mm {2ig. 16, ref. 17).

Do

et o RS AL L L D B ki

Piyere 12, Yelightless ¥nlifmg - Adhesive Foolgenir

(2) 1ho wnllhizg gelt ehonld bs studilced in ordsy to detoreise woticn
principlos and hunfrere vequixemsets for wolkirg wuder wolghtleseness, parzial
g, Coriolis forcos, emcessiwe g conditions, arnd ox curved surisces that ray bdbe
encomtered om other plemrts amd vehiclaes,

D. Migesllanmous Effocts

le Rigidity of Fowered Tools (¥xtra) - Sudjects uslng free-floating gear
containing slectric mctors can feol Che rigldity-in-epace charscteristic: of the
rotating motor, Suom rotation aboul tha motor axie way be encountered due to
the motor’s baaring friceiom,

Bresples

(Phetopropher) "I can foal ay (mwtor driven) camars fighting me when
I turs it ca,”

*
Peresral intsrview, Diver, U. §. Mrwal Suiemarine Base, Moy Londow, Cons,
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Discussion:

Subjects who attempted to raposition handheld eluctric drills (power
on) may turn thomgelves about the drill whan thay apply torquas apainst ths
spin axis of the motor, This priuciple wes used to stabilize sudjocts and as
a method for contvollad rotation (ref, 3§).

Applicaticnse:

(1) Orbizal vorkers using hacdheld powered equipmsnt may require
different stabilization requiresents,

(2) Workers performing slignirg-of-material tacks .amy find that
sisple motor-stabilized assecblies tend to resist extermal forces and thus
serve a&s semistabls platforms.

{3) Camera motorz, etc,, within froc-floating capsules may impart
forces to the entire asserdly,

i. Suspension of Dust and Objects - Tnedequecy of Open Containers -
Particles, fluids, aud objects flost freely, and sosring subjects dislodgn and
provel this debris. Loose obfects within rlosed container. Live bocome damaged
and open containers have lost their contents Auring sircraft turbulence or when
touched by subjects in motiom,

Ixamgle:

(Piver) *1 thouphe I mas se2ing spots defore my eyas wntil I
teclized they were dust particles.”

Discuneinn.

Free-f.oaCing sudbjects continually lese parapharalia from umsipped
pockets, Cameras, sockst wrenches, parachuies, sandvicbas, end aven standdy
subjects have floated off when aot properly restrained or whan touched by other
objacts or porsoas. Brictle foods careiessly eatsn will cruzble and litzex
the emvirommont, Misla(d tools sre often diffisult to find after a mission,
because continuous aircraft oscillations tend to sift them into emsll crevices,

Applicationa:
(1) Contimwous air filtering may be & refuiroment around intricace

.egquipment,

€2) &A1l chjects should be secnured and padded or smoothly configurud
if they sre used froguantly, .

(3) Cont.imers of the shaker and sprinkler type shovla be avofdml
for their contents w#il] only contaminate the air, |

(4) Demsrzavle objocts should be restrained within conziinecs and
tools should be tethered to the worker as well 4s to tim storszs surfsce,
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Tethers zhould be chovt tn length, siwca an sccalerated object on a long tether
could encircle and bizd tlw oporatox,

-

{3) & tisdown syotom esubling & limisliess object arrungoesat and
rearrengimeet might belp relisve the bowsdra of lodg paviods of trrwel {n a
confinod gpuce, Kibor (rcl. 14) may havo been scwndat ovarconterwad whon he
suspects thag, “wmwemdtiing struvgzle with the woightless objects would add to
tha psychological stress of ths trawelsrs,”

3, Mysiolopical Bffsces - The follewing ireticntal physiologleal
factors were motod or conmlegivred by selected subjlects ond weva not otudled
for accursey oF raliehility, Thoy s¥s inmcludod enly as potantisl problesw of
intevest to bloastrsunutics perscmmel axd mry be csuged in pazt by the swaouwme
artifacts provicusly diccuosed oz mey reflact an {diongreratic responsa of ths
scbject, Enight (rof, 21) warss that “Fiysiolegle wossurermeats as can bs eade
in a given zovo-g ollipse reprecent cesponces not to & sliple expezicnce, but
rathee to the entive complex of accelevativwy cheuge dormnded by the £1light

wenfila ™

Tiue fullowing list cf physiological Lectors doce mot appssr to
contradict Waber when he states that, "The conditicm of weightleszness {y mot
iikely to privlure any dlierrhances in tho major functiors such as reapliationm
or cireculwCion” (rel, 19).

2, (Dlwsr) "™gasal drip - wns forced down throat with nopenl
swallowing motiwm,”

b, Tecrs - adhered to the eye brinuce of surface tenslonm and spread
over the surince of the eyeball [roted by Fuvehologlast veferving to an adratek
subject}., ‘ ’

c. Eyw swnsation - Cerathewohl (r=f, 9) reports *hat a “lifting
sensation that reserhles pressure on the lower porticn of tha aysballs s falt
but falled to prevent the eyes from furctionirg mormally.” (This has not baen
noted during AMTL tects and might d@ & responze to the higher g entry of fighter-
type sircrafc),

d, Talking - (Dlwwr) “Tvery tiwo ] started to frece fioak 1 conld
rot talk for & fow seconds,” Thie oever appears to happen wiln erparienced
tubjects, but waa verorted by tuo nalve sublects and way have beun dva o tha
siress of the Luflizhc sitwation,

e, Changlimg esr pressures - In both atrcrafe, tho cabis prevosuve rate-
of-changs indicator naedly ofter traveled to ths plur and mirus limits,
indicating extrems changeo duriug tha eaneuver (2500 £t per min,), This artl-
fact,produced by the aiviraft system, hds Lnduced such cormmnze as "Weightless-
ness s making wy asry pop,™ cod "I feel & pressure on my ear dvva,” Two
subjects apinniry ae rapld ratazs rentfionad ear sensations; harpvar, the spia
axss and rates vevre not rocorded, These senrations may bave beon stimulazed
by centrifugal forces acting on ths heed,
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A diver noted that, "any movement {n the water can directly be felt,
in the water the pressurs changs {s wmuch greater arnd you can tall {f you axe
moving up or down by pressure changes in the ear drums,”

f. Valsalva - Difficulty was reported in performing the valsalwa
mancuver after free-floating by tuo subjects, (This s & wathod of equalizing
pressure on the eardrums by forcing amblent air through the oustachisn tubes
to the inner ear,) .

g. Chills - vers infrequent symptoms of nausea and & cold cabin,
The temperaturc wis ¥ept low (43° to 65°7) in an effort to lower the airsicknoss
rate,

h, Regurgitatior - Many motion-sick subjects regurgitated constantly,
and one officer assigned to this project for over b years (logring 600
parabolas) emptied his stomach almost every flight, As King postulates
(ref, 20), "In the absence of nongravitational force, no density gradients can
exist, Thus, regurgitation of semisolid stomsch contents would probshly
increase, since this functioa, dependent on diffoerences in density, will de
fnoperative in weightlessness,”

i. Sweating - Because most airsick and some non-sick subjects sweatad
profusely, cabin temperature was miintained at a chilly level., Body covling
{s dependent upon heat convection and may not function in welightleassnmes,
King (ref, 20) notes that heat loss by convection end evaporative cooling will
be reduced, ard also tha” subjects may bc trained to aid heac exchange by
voluntary movements of limbs and body,

After the first U, S. Suborbital space flight (ref, 7), physiological
responses to fi{ve minutes of weightless flight /{interrupted by 23 seconds of
retrotire) vere found to be uneventful, vlaice, semicircular camal function,
and hearing appeared intact throughout the flight, Astronaut Shepsrd was able
to operate a complex vehicle with no significant reduction in performance; how-
ever, Cosmonaut Titov, an unharnessed, relacively free operstor, apparently
suffered canal sickness (ref, 19),
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APFERIIX 1

CIOSS KYDOR TASKS

IRIAL ¢

1. Lyirs Down - Om tho first trisl the subject lay fsce dawn, looking aft,
next to tha carge door, in the coentaz of £hL afrcraft, Ea was fnatructed to
ksep hio eyes on tha morca, The subjec? vee instructsd not to hold on, not push
off end ot use his hands or feat fo. any puvpase emcept Co aid him during the
WMDGUVEE FecITTy, The sudject we., told thst ke zmy or my 0ot flost off of
tha floor, and wss mot to resist either c-?m.

2.1 m‘ Drvn - Tho sedfect lay fe -Wsrmfmmly ths s positisn as in trial
wm 1. Ka was to hecp his oyes oa the moon Sut wis to push himoelf off of
the floor. After susprmsion be wio to use Rezda or fomt to keep hiwsell
flocting, i

3, Stand - The subdject entered the mezsuver scinding, Ha bald on to the

o with at lszot ems bond, making euvs that his stunce wis firn so that
be could not fall or injuve Rimself éwring tha 2 1/2 g pwll-ia to tha prrebola.
When the gzevo-g conditicn lud bewn reachoed, ho relesoed his handhold eed
allowed his body to flost freely, After resching mexo g he was ot to hold on

to anything,

&. mlal.mﬁ < the svbjecs onlored the ma onwdr in the same positiow as in trial
oarher 3. Ha storeod this syoeuvar with his bock spproximstely 1 foot from tha
forunrd blaskout curtain, Whe sero g wis attainsd ha wis {nstructed to walk £
the aft bulkbaad, uaing ene hind on the ceiling to keep himaself erect end hoep
hic ayms on the moon, Ui was theoa to turn ariund and walk to the foresrd
blazlout curts'n,

3. Scaring - The subject entered the suncurer lying face down, feet touching
the Blackout curtsin, Me wae ingtructed to kesp his eyes oo the meer, Upon
,uhlﬂmn: of zero g ko w. to 14£7 hismrelf slightly off of tha floor and
push with his foor agains’. the curtzsin is order to sail toward the moon, The
subject was instructed ¢t try to hit the woon itzolf, Upea echisvimg thic,
subjoct was to endeavor o sosr back to the expsTimsutst by puching off of tha
aft bulkbead. ‘

6. Pullino in f¢ . hering) - A Tope was atteched to the aft bulkhead, Tha
othet end of tom rope wae placed in tha subject's han! in &8 medium-taut
configuration, The subject wvas positioned ee in trial nuzber 3. Upon reaching
saro g the subject’s ipstructions were to pull himself aft with the rope, toward
the moum, |

7. Turbling - The moon was turned off, The swdjec” positioned himaaelf a2 in
trial pumber 3, in the center of the cabin besida che carro door, When sago g
was achiaved, ba was to throw his hesd and hands down and forward and feet up
and backemed to achicye & tuuble (as in diving (nto water). The subject was
inf ormed thee trial mohor 7 would be divectly followed by another sero-g
parabola (trial sorber 8), [

|
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8. Lights om - Durini the entry of the mansuver, the lichts n the rrenarimenr
weTe tugnad oe., During this last trial the subject was informed that he my do
anything he denired., (Trials 7 and 8 were flown as & double mancuver sc that
the subjoct might quickly compare tha dark and light cabin conditions).

The subject was told t.ovm the rocorder durina the entire maneuvir and
record sencaticua, observations, achisvement of emporimemt, etc, Beforve each
trial he wes told to record the trial wmsxbder end the ingtructioms for that trial,
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APPZNDIX 1X

TRAMSCRIPT OF A SUBJECT'S RESPORSES (Astromaut Scott Carpanter)

All righe, this ig Carpenter at 1| g, 21 Septembar 1560, We plen to do sev
or sight zaro-g trajoctories this morning, and I will ko recording during the =
s pushup, 7This is all to be dovs in tho darkroom of the C-131 with the only th
visibla & very faint sson. Looks like fun, All right, this {s just prior to
the baginning of the first run, My instructions are to - first of all 1 sa Iyl
on wy otoamch in tha forward part of tho blacked out sectiocn - on my stoumcd -
and I can ses the eoon on tho aft bulky~ad, My instructions have besm to push-
up slightly just clear of the floor and cova wary olightly forwerd, this I hope
will kecp me suspendad {n the air and I an to record my scnsations vhils wo are
weightlass, All right, we aze beginning the gushovez, 1 fmagiss ve are about
st helf a g at this mcovat and heve comzs the pullthrough, I get a elight, -

1 get the fealing that ths back end of ths sirplane 13 pgoing dowa, {ts just the
rotation, %ou I am puching free of tha floor moving to cha vight, hit the
bulkhend, now I still have the sanseticon now of moving forwmed, 1'H agaimet the
flooxr, now Y feal upside down, I will puch froe - I hat ths flcor aguin. I
definitely have the sensation of turning , but thare wsa juet 8 wery short perio
There were two or threa short psriods at which tims I vasa't tewching ox wp agat
the bulkhesd or floor, When the run was over, I vos carmletaly discrisatad,, 1
no ides which way wis up or down,

All right, now we are getling reedy for tha second run, Instructiome this
time are to go through the pushover and pullup in & standing position holding omt
the ceilirg with one hand, When 2 get to tero-x, I am to ralease my hold on the
ceflins and that's all., We will see what happena., I think tha one thing that
wi:ht be {mproved on is this helmet, It fite dowr on - tha front part fito dowm
very close to the syes and with {wpsreoptible emommta of rotatios the heluwe
could obscure the monn #nd create scma disorientation that mizht put some nolse
in the data that you are trying to get., 1 miui.® add thst on the firsr run I made
no vlfory to «hanye in & body positfon, 1 think I stayed {n & stretched erect
position throughout, until, of course, the end of the run when I sort of
crumpled on the floor. This time T think we slart standing - 1 think that when
we et to gevo-x T will Just sort of fold =y legs up undermeath me as though I
am sitting with leys crossed and sve what happens, 1 tried this befora - it's
relatively relaning, Another thing that I could sdd here, your mind 1is not
really able to devote itself exclus{vely to evaluating the weightless condftion.
Sow I am recording at about, well, 0,3 & going into the pushowwr, The rearcn
that you can't really devote yoursell 100 por cent tu evalusting this dacs is
tecause you are in too confined a sput and ynur mind {s continually trying to
thin¥; well, which woy aa [ poing and when em 1 goting to hit on what pare of

budy. We wwed 8 biy.er spot and & better padoed opw a0 {t doesn’t make any
© difference whare you hice,

And now 1n the pullup of sbout 2 g, 1I'm still standing, Here comes zero-g
(second run), All rixht, 1'a letting go nw, O, T let zo nowv, OK, 1'm

#The nurbers in left merpln refer to the lavalved foctors shmm on poge 6,
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floating, OF, I'm moving forward and I'm tumbling up \nd down., 1t's hard to
evaluate just exactly what is going on, because that actually wasn't too good
a run and 1 wvas busy trying to tell whethar or not it was time to let go,
About tha only thing I can say about it is that it {s cceplezaly disorienting,
and the only feel you gat which you roally can xoly on is where do you hig,
If you hit on the right side, you know that you might have traveled to the
right, but you aluays get a sense of mnzion somswhere . Theve is no sense of
being truly suspended so that you arn staticuary with YTespect to the airplace,

UK, this tine 1'm to go throuzh the pullup standing. At zevo-y, I'm to
walk towsrd tha aft end of the airplene towsrd the mnoa or eatil 3 gat to tha
end of the wallway on the ceilling, which T will bo ablas to facl with one band,
when 1 get down thare, 1'm to put ey foot on thw ceiling and waik backeards
toserd the froat of the airplane i.o&ptéa the moc: in sight at sll times., OX,
starting Lhe pushover and reduced p aoi 0.5. 1've juat been told that I can
hold onto the ceilhing as I walk dowm, {m:h malies an imponsiblae task poutbh,
1 would say, All right, we are stavtieg the pushovor sgain., He abortod the
first one (aboxted first try of third rum, lost sight of Clinton County). 1
am now recording at about 0.7 g. My head s just clezr of the ceiling as I
stand erect, This is going to make it & little bit ecasier to geot aft to ths
ceiling as you couldn't force yourself buck on the floor., By pushing on the
celling you wouldn't bo able to locomots very well this way. OX, nos we are
at about 2 g . Begin the walking at 2 g. I get tha rotation of the tail, axd
now 1'm at zero-g, and 1t {s really no problem at all to welk towasrd the moon
at zero-g pushing down on the colling aud up on the floor. O, I'u now going -
oh, Ob! (laugh) - I didn't quite ret my fout up ca the ceiling beforas we got
back to positive g. It wouldn't turn out mch of 3 problem to turn yourself
avound and get your feet on the celiin;., Theve ls a ring dere vou can hang
by, push your fee® up, force your hzad to the celling - 1 musn %o the floor -
and yov stould be able 2o get beck ss easlly as you gol fowward. 1There lust
wasn't time to reorient mycelf before we weat back to prsftive ;. 1 mighe
ad4 that as long ,... my feet never lelt th. fico” and my hands and head really
never left the ceiling and thers was rno inorientation st ail,

OX, next run is aboul to commince [fourth run]. Instructions this time '
are to go {nto the run standing. At xero-g, i'a to begin twisting about at
vertical ax{s 2t g0 that the mnon w ! altermately sppear and disappcar, 1'a’
to stay more or less erect, ond we wiil see what hsppena, Another thing that’

1 notices standing hers going through the pushover and the pullup: 1 zxet the
definite feeling of the moon rising as|we push over, end vhen the » {ncremses,

1 can actually sae the moon go down , ‘1 realiy feel the rotation of the fusslage,
althbough 1 can’t foel, ('m convincea tha: [it sctually does] . OK, pushover

st lust slightly reduced gravity, now 1 still pat the semzazion of the teil
going up, 1 also have an {dea that when this twisting bepins, it's rapidl :
goleg o chan o axis , *~* I will be zyain ~ompletaly disoriented, T ﬂi ! e
going dows, the mwon is going down, 1 have hold of some wire lbon me with wy
left hand, MNero i{s zevro-z, and 1'm twisting to the right. And, Oh! T hit the
fluor - let's see, {s that the floor? 1 can't meke sura 1 have lcst the moon,

|
|
* Poor recording, i
|
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1'm now coupletely freo! Tiewre is the soon, and I &n upside dowm, No, Sir!

I am right side up, 1 an facing aft - azain complately disoviunted, and I
flosted frea for some tima witheout touching a thing, but in more or loss &
sitting pooitiom thst ceovs to ba tha position you morvnlly sgo te .,  Also,
m you fa & smaller ball 80 CASE yos 4ve wot ap bikaly o hit the wall,
ceiling, or the floor. Our msia imwertsr juet went out, aad we'rs going to
hold off now for a covple mimutes, Thare Lo ons other thinmg I night montioa,
perticularly in that last res whom 1 was free in the air for at least the
longoet tims toddy, 1 Afdn’t touch the ceiling, will, or floor for maybe saven
or eight gecords, but ewmn eo I didn't have tha fseling that Y was susperded,

1 felt that I was turning p)eoly, but 22411 twraing, wof entionlass . It also
folt lika sort of & sicawsy, turu, met a riont or bechwares sorevsavlt typa of
wotion, I mipght maks amctiwr cdoervaticn Rare, &ll the zero-g work that 1
Lave dono hag beon ean exbilavetizy thing for om, The freedom that 4t gives
you, you ars so unsicwusbared, yeu cen flest 1iks & feathor avd ewist and epin,
etc, It te alvaye a lo¢ of foa foz mo, but in this deriroom wheve you dom't
get aay cuzs end are couplataly in tha dozk ehcout whewe you ers end wdat yom
ere dolsg, the fus 18  ma, Jts mof em ant but you den't geat erv wiswel
cues to mata Lt fun eowonre , Well, I Ciink snotrer thlng tast § wight eay
hare. 1 thishk the lun 1s gooe ocut of this business vhen you sre blacked out
like this, becsuce you really are in doubt 28 to vhich way is vp, 274 tle
psychologise will say, "ah! theze is o noed for the people to kncw vhich way s
up,” this is true as loeg as you understand up s dafined valy as up with rospect
to the wihiclo you ave riding in, It may be down toward tho earth, but {f wen
can crient hin-olf traide wintevar ba is vidirz ar Being risht side wp in
Tespect ko it or uPside Gova orf sidtuays ticn that 1S ail be resily needs,

“hiz Rima I have beon tald to just elt beye, I have Ia my left
hand & rops atlectad to the aft end of the airplane, AL zero-g, I will try to
propel mycelf with tha woo ef tho rops 0luno dmel towaed the moou, Of course,
unless 1 {21l right &n liwe with thea co v of svavicy, 1 en going tn got &
tushle, oad wih anly beting able Lo wss 2 hamd it will be baxd to do this end
talk at the samn tize without tudling a7 be adlae to grab tha rope egain after
1 hava docs the firat pull wirk it. Talking say be in fits axd starts for this
one {fifth rwn], OR, stapting the poshover now. Sitting on thae floor cross-
lagped, ¥ow, it trould be much easisy £ do this with & rops attached fors and
afc, As ic L9, thia {3 goling to ba kegd to do, Esre s the T g pullun. I can
sss s povn goley dowm eraim, Fow va sre ot seve-g, 1'm fluating & little off
to the loft. Ah! Yra! this fe mot bed, I'a {leazing eizht bock townzd, T'n
taking four pulls, five, floaticg covplately frea, Ky hoad kit the ceiling, new
I'm om tha floor acd tumck to sbout mormal 1 2, and (T agpears to wo that I'n
about 3 fost short of the evom, I never left the cross-legeed sitting position
and I falt 1ike I flostsd graduslly aft pgently rising until juat short of the
moon, Iy boad kit the collieg, we then palled through, 2nd 1 got back onto the
floor quite gently, snd 1 was able to take 3 o 6§ pulle on tha repe without
tebling, Another intaresting thoughty 1 thougnt that {f I let go of tha rope
thet last timm with one head acd tried to grab it azain; ordinarily e rope &t

1 g would grov elach and fall fo the flcor before you could et snother lwld on
it, but this rope of course, staped stretehed out all tho tims and so grebding
1t spain was not hard, .

All wight,
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This time I'm just supposed to lie on my stoanch and sail toward the light,
This {s morve like 1t! I will lie oo my stomsch, and I won't try to push off
much, Yesterday, io ths 135, I found that just pushing with your fect oz off
16 the floor your body n@ili@ma will force gou off tha f{loor aad T expect I can
maks it a1l the way Lxick theove usimg tnie mothod without hitsing the cniung.
Bere is the 2 g pullup [sixth run], And betve is sero-g, and bave we go! Row
this in not & wery good ona, wa didan’'t quite - OX, here we go, but I got
- carried sty from the floor befors I could get mch tractiom, 1 didn't get a
good enough push off chat tizms, I pushed sway from the fosward bulkhead before
we were rcilly at zero-g, and the frictiom of ths floor slowed ma down so that
when we got serc.g latar I didn’t have anything left to push on.

OK, wa arc going to try thst oms again [seventh run], 0%, bera commencing
the push over at reduced g, This will be snothsr rum of ths same kind, I em
going to wait until we get Co zero-g and then push off from the forward end of
the airplane and try to float back to where the moon {s, This felt 1ike a
rathar long dive and 8 pratty good pull through, Maybe wa wili get a long
gserc-g period this tims. OX, bere is zero-g, Pushing gently off of the floor,
forward 1 go camletaly free, Now I am upside ard spimning and twisting, and
T hed mo purchase to get back to the back side, Oh, Maa! that was a pretry
good rm, I would say thers was velocity to gat all the way beck but T hit the
ceiling bafors I msds it all the way, Ah, lets soa, then what lmppened, 1 hit
the ceiling on the right-half side looking aft, I think I tricd to push off the
ceiling to get afr sgain znd went to push sideways too hard and hit anoher
bulkherd somswhere., Some timm during the run, T got back pearly to the aft
bulkhesd, but 22 the o224 of the run T ended up just aboul ia the widdle of the
cabin, J made & covple of turns to ~ampletely upside doam, and cthat {s all I
cen thiol of,

07, xy irstructions this time are to do one fromt flip, try and etop, and
then suil back to ths moon, My eyes are to be closed during the ona tuwdle,
then open the ayss when you thiek you ara throurh one tumble, try and find
something to grad hold of tn propel yourself, divirg towsrd the moon. The enly
way I can get & tewble 1ike this started {s to lic on my strazach ac sero-g,
dring your kness up undernesth you; actuzlly what I will do {3 knoel, crouched
dowm on my iness, and at sero-g I will puch goetly off with wy toes, This
ceumences & ixont flip, Mow buing sble to stretch out after cae turn is not
\ing to be herd but to be able to catch sumething to stop tie tumble at the
ot of one tuta will De & prodlem. Hete Lo the pull throuph {efghsh runm],

Thlo belmet again is 8 Dother, O, heve is eern-g - polng dowa, 1 thisk that
T leve ons txible - mo, ¥ hit my back first end I'= S¥, 1 can soe the snon and
1'n upsida dovm on the ceilirz trying to get back Zo ¢tha moon, 1 Weve no
picture ,,..that vas coa of the harder landings. Toa2's mot bad, I stretched
when 1 falt that 1 had made one tusdble, but astval'. } bed only pone out alf the
17 vsy, ®y back it the floor, T bounced off, finivard che tumbio, Gelstel @
couple of times so 1 wa< complately dieorionted and _“isd to make wy way back to
the moon dut from that point on 1 couldn't find aaviaing to zot any purchase on
80 it was Just sort of & useleas struzzle, Annthor thing that =sdaht bo of scme
fetorest here, Yesterdoy I creched wy beck & couple timro good 1n the 135, and
the fact that I hurt wycoelf - mot bad, dut 1 got some good bruisee out ol it -
the fact thet I d1d that yesrsrday reduces the - well Lt sabes you not quite so
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resdy to really give it your all, You don't start to spin too hard to too
quickly becouse this gensrally senda you off in ona direction or another where
you could hit somthing hard, If ewrything was very well paddad, then you

could raally give it your all,

This tfwe my instructiocs are to 1is dom and try and propel myself beck
toward the light junt be grakbing omto ths fleor, I think ealking during this
one is poing to be 8 little BiZ of a Bindervance, this io going to taka two honds,
So, I will put this "wiks® susy esd toll you adeut 1t aftemwards [ninth runm),
OK, that waa & protty gnod one., I woo abls Co get all tha way down to the monn

. and all the wmy back to the fromt end, That eimo I used boch hands and

19

-

£

surprisicnly emough fuot 8 oonil wirch 2old om the canvae £loor ent bove s emcugh
to diroct yourself with, I kegl oy boods en Lo cucjat 8LL tan way écsn,
although 1€ wes & good mero-g run ood T wro fleating, I hed o bold syoelf dom,
1 got all ctho wvay to ths 882 oud ef the afrerele in cbous theew e fous grobe of
the carpet, I tomchod the bolldmed, I twwoed svoumd and stasted on the way beck,
After about two grobe on the cevpet X lent cof told, Y weat vy to tha coiling end
ricochotod off of thrt god finally enfod uo £ tha lon of the eoniteor beck beva,

0, this 1s tho l2at doudlo run coming ep, 1 av going to gat mdout fa ths
middle of tho cehin, Tho weon is maw goue [tuvosd off] and the fivet run I am
to do amytihicg I vant, but it will bo corpletely blacksd out. T think wiat I
will do 1s just try ond got fres, 1 ooy stazl a8 turble or may juet oit in &
sitting poniticn, The cecond rea will Lo tho etww grossd rulss, but with the
lights on, 1 am Bt even ssre which eay 1 o3 focing noy amd that {s pood, It
scemp lka I o (ocing o 18tile 2t o2 to oo mide tovard the port of tho alr-
plane, Tes, thoen 46 a leak in e eo®in uall end T bmow T am - @ light lesk,
that fa, OX, buve o cap puohover, acd I found that T wws loahing tivmgd the
aoon Lo tyy ard yenll At tha suolewar iy eatunlly eoriwneing, it ta goove,
so I just save to g It oy tas oest 6f 7 [ ho. 1 &8 sitting crese-legged
again facing the oft of tha .... Rell e io comrxeneine wew {tanth ren),

I think I will ery - I édoa’t keow - I &3 going Jo lie ca my stomsch, changing
to my stomich amy, [wring the 2 g, 1 &0 golng to do a fromt flip again, they
are sore fun, Zaro-g, Ak, phocey! I'an flosting, floating forword wew I think,
and now T started to piteh (lough) 1'u floating - well I dom't kmew what
happaned or who 1 e - Gh, bora ba 45 - tho awoitor! OX, that tims | geslly
felt 1ike I w3s moticnlass 1ika I was aot turalay al ell,

This timn tha iipghts are row om, 7 will do the sema thing [elsventh rum],
cees8t the start of the ren that I was floazing forward, Ch boy, that wan s
good one! (laughter) Oh bdoy! OR, that fs a lot move fun  when you can see
vhat you sre doing, I J44 2 or 3 flirpo front and sidvards - now lot's see,
vhat is the upshot of all of those runs, The thing that counts in my mind
is that without eny light ar all this is &4 wery disoricating thing, you have nro
1dea which vay {s wp . With the 1fghes on it is mot discomcorting et all, It's
minly just fun,
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FACTORS INVOLYED IN SUBJECT'S RESPOXSES (APPENDIX II)

Yalsa percoption of rotation (Ref, Rasults, B, &c)

Cosplete

Sense of

disorientation (Raf, Results. B, &b)
partial g (Ref, Recules, B, 7)

Concarn of cclliziem (Ref, Results, B, §)

Senss of contimmous motion (Ref, Results, B, 6)

Sensa of

Possiblo

axcessive g's (Rof, Results, B, 7)

foot-down orientation (Ref, Results, B, 4a)

tack of dictorientation with tactual contact (Bef, Results, B, &b)

Oculoagravic {llusion (Bsf. Rasults, B, 6)

Anticipation of cross-coupled motion (Ref, Results, C, %)

‘Loss of dirsction (Ref. Results, ¥, &b)

Relaxed posture (Ref, Results, B, 2)

Sonse of

conotant motion (Ref Resv'ts, B, &)

woes of evpinric sensation {2 darkness (Ref. Rasults, B, 1)

satisfaction with vehicle rather than eev°h orientation (Ref, Resuilts, B, 4d)

Self {mpacted motion from body resilience after excessiwe g's (Ref. Resulta,

c, 1)

Underestimmtion of rotation (Ref, Results, B, &c)

Surprise at emal]l magnitude of holdiug forces reguired (Dsf. Results, B, 12)

Beed for
Pospible

Possidle
Rasults,

sense of

commmication required between two pecple (Rof, Results, 8, 11)
use of {llusion &8s cue to wehicle debavior (Ref, Rezults, B, 6)

dapendence upon visual cuee for feeling of comtimswus motion (Ref,
B, 4) '

exhilaration (Ref. Results, 3, 1)

Disorisntstion with respect to distance as wall as direction (Ref, Resvlts,

8, 4)

Lo
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APPODIX IIT, SELP OOWTATINID ALDIO RECORDIIX STSTZHM

The wacetisfactory aedio recovding of verbal statemmnts by froe-floating
subjects suggostad the weod for a Settor syectam for fotupe rveseevch, Sush e
system wnz daveloped for the Afr Pogze by the Seiecmogresh Sexvice Cogrpovaticsn,
Tulsa, O¥labom sod this epsendiz weg sdotracted from 8 Joltcor repoet ticled
*Technical Mizral for Mo 1l Pemoatap fonslen pnd 8PP-11 Prropemal Badio fhie,
Selecor, Boi 1550, Yulse, Gihlohess,™ wiiaesd,

‘he eguipment froviched was dasigzated tho Bepestor Statica (8) and the
Persceal Radio it (FEU), Basisslly e B2 rocoives trocsmissicns from &
persesal wmit - ila simsltanesuesly rebresdensting this iaformstica to all othar
persomal waazi aa the systom, The Repeater ftstion cos bo aporzied with or
withoul & opa...... prosent, Hhesever en operator at tha reputier stotiom makoe
a cranemipsios, 1 woice cpovated switeh sutcmotically intarruste acy tvamemiocsion
being mzdn by & poroonsl vmit, The precent IJ Lo a tro-chanmsl vait Rt con be
convertud to & multi-chasnal wanit, The BS is & sirglo-chennel it and orher
channals suct have imdividial repoater etaticms., ALl waits in thls system ave
oquipped with & wice cpornted evilsk, Ulhon the operatior epaoks {mto ths micro-
phove the wait autcmmtically owitcdes from rocalvs to tromomis and likeowise whea
the operator cedazas to spank the unit retusns to the guceira wode of operaticn,

Tha MU wtilizon tho he deet cord as 2n antonns vhile the B3 requires an
antemna approximacsly 65 frxels 1o lemgth, The 83 antauma mny be placed at a
remots location £5d cummmcted to ¢he wade by a length of BG-38/0 coaxial ecabla,
The RS supplicd eperates oa ekt oue, thr traseniiting fvecuency s 42.5 =
and the vecelwing {regneacy 31,5 2. The FFJ supplicd eperates on chanmsl oma,
the transmitting frequercy (s 31,9 oo and the seealving frovuency 42,5 me, eand
fo equippad for chucunl Cwo operat.on, the trarsudeiing frogquency belag 31,38 ro,
and the receiver froquoncy 42,%° w:, Chamrw! rwo can be Suanished Lla any
sdditional Bopostss Station, .

Tranemittor poeeT output s s+oproximmtaly 50 millimatts, sad the recefver
sensitivity is 1 microvolt into tha recelvwer enlansm tarminsls for & 10 &
vignal to noize ratlo, The sudio seplifier will dolivaz 13 watts fnts tin
sarphones, The KU Ls povsced by re-chargoadla batteries which will deliver
approximately 10 k: (. . f Lorntfmnus opsration undsr conditions of Y tressmit
and 307 receiva, An externsal chargleg unit s provided and five bours ere
required to coxpletaly recharga the bagtories, The B3 comtaing & rechargeadle
battery and a built-in cherpgne, .

The microphones furmished ere of ths poles cencelling Cype and tha opcrator
must spesk dirsctly into it in ovdsr 2o produce tha mecessary modulatiom lowel,
The following specifications have bsen included,

Recaiwer foacifications

Crystal comtrolled swpachatarodwos
455 ke 1. 7.
Built-in noise limiter




Adjustable squelch
Amplifiud ACC
1 microvolt sensitivity for a 20 db signal to noise ratio

Ixacesitter fpacifications

Crystal controlled oscillator

Rigt level modulszed power explifier

100 millfrntes dmput to powwr sxplifiler
Speech cozpreascr for bigh avacase mdulaticn
Voice opsratsd switch for treasdtter coutrol

Pletures of the wniCs aro showvm ir Pigure 17 and bloch
of the units are included In Pigerss 1S amd 19,

AMRL-TDR-62-114
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